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PROCEEDINGS 

or TtiiF 

AMERICAN PHILOSOPHICAL SOCIETY 

HELD AT PHILADELPHIA 
^ rOR PROMOTING USEFUL KNOWLEDGE 


ON THE ART OF ENTERING ANOTHER'S BODY: A 
HINDU FICTION MOTIF 

Bif MAURICE BLOOMFIELD. 

(Read ij, jprd> 

The Y'oga philosophy liMiches. on the way to ultimate salvation, 
many ascetic practices which confer supernormal powers. Thus 
the third book of the prime authority on this philosophy, the " Yoga- 
Sutras*' of Patafijali, gives an account of these vibhutis, or powers.' 
They cover a large pan of ail imaginable magic arts, or tricks, as 
we should call them: knowledge of the past and the future; knowl¬ 
edge of the cries of all living beings (animal language) ; knowledge 
of previous births (ististnara. Pah jatissara) ; tniud-reading ^ iitdis- 
cernibilitj'. of the Yogin's body; knowledge of the lime of One’s 
death; know ledge of the subtle and the concealed and the obscure; 
knowledge of the cosmic spaces; the arrangements and movements 
of the Stars; cessation of hunger and thirst; motionlessness; the 
sight of the supernatural Siddhas- roving in the spaces between the 
sky and the earth; discernment of all; knowledge of one’s own 
mind mind-stuff and of self; supernormal sense of hearing, feeling, 
sight, taste, and smell; penetration of one’s mind-stiiff into the body 
of another; non-adherence of water, mud, thorns, etc.; levitation 
(floating in the air); subjugation of the dements; perfection of the 
body; subjugation of the organs; authority over all states of exist- 

' Also named Wtfili, jidtlhi, Uevaryn, yofiecvsirata. and the like. 

» Perfected bein(t« tbat'lgave become quafri-divine. 

fRQC, AKER. PJItL, SOC.^ LV^ A, f^INTED APRIL I®!?- 
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ence; omniscience; and, finally, as a result, of passionlessness or dis¬ 
regard of all these perfeclions, the isolation or concentration that 
leads up to final emancipation or salvation. 

In later Yoga scriptures the supernormal powers arc systematiaed 
as the 8 mahasiddhi (great powers): (i) to render one's self in¬ 
finitely small or invisible; (2, 3) assumption of levitation and 
gravitation; (4) power to CJCtend one^s self, so as, c. g.. to be 
to touch the moon with one’s finger tip; (5) irresistible fulfilment 
ot wishes; (6) complete control over the body and the orgaris; 
(7) power to alter the course of nature; (8) power of transfer at 
tvi!!. And, in addition to these, other, even more wonderful facul¬ 
ties are described, such as citing and conversing with the dead; the 
assumption of many bodies at one and the same time; trance and 
burial alive,* and finally even the power of creation. There are 
also other systerruitisations, such as that of the commentator to 
Vacaspatimiijra’s " Siiriifchya-taltva-kduinudi," mentioned by Garbe 
in his translation of that work, in the Transactions 0/ #/ic Royal 
Bavarian Academy, V0I. XIX., p. 58(5. 

From its own point of riew Yoga docs not Overestimate these 
powers; they are al! considered ephemeral or unimportant or even 
contemptible. They are merely a progressive course towartLs the 
final goal of emancipation. Buddhist writings state repeatedly that 
they do not lead to perfection. The great Jain Divine, Hetnacandra, 
once engaged in a Yoga tournament ivith another Jain Doctor, Deva- 
bodhi. Hetnacandra made appear all the ancestors of King Kuniara- 
pala, together with the entire Olympus of the Jainas,* he himself 
m the meanwhile floating in the air. He thus beat Devabodhi, but 
in the end declared that all his stunts as weQ as Devabodhi's were 
mere hallurinations,'* 


But iivas there ever such an enhancement of the vulgar practice 
of magic? Philosophy, in dealing with such matters at aU, ente^ 
into partnership with fairy-tale; it sanctions, promotes, and legal¬ 
izes. so to speak, every fancy, however misty and however cx- 


YDii"*(E^rvr?” itatemeei in Garhe, "Sirnkbya und 

ltido.Ar>an Reseirch), p. 4-, 

*Cf. MaliAbh., 15. 31. I. 

* Ser BuhlEr, " Ober dw Lebtn tits Jalm Monchet Hrmacandra,'’ p. 83. 
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trav'agatit. It is easy to foresee that both folk-lore and sophisticated 
narrative would simply jump at such tenets and build on them 
foundation fantastic strutlnres. Xothing is impossible where the 
canons of time and space and number, and of every sobering em¬ 
pirical experience have been undermined by such a travesty on 
scientific thought. The fiction texts are fully aware of the support 
they have in Yoga, as when, c, ^aihas, 45' states distinctly 
that magic art is founded on Samkh^'a aud ^oga, and calls it the 
supernatural power, and the independence of knowledge, the do¬ 
minion over matter that is characteriied by lightness and other 
mystic properties.” 

What is perhaps more important, though in a different way, no 
narrative of events, even historical events, is immune to this com¬ 
plete obliteration of the boundary' line between fact and fancy. We 
can understand belter why all professed Hindu historical texts 
(Caritas or Caritras) deal with alternately on the same plane, and 
present alternately as equally credible, things that may Imve happened 
, and things that may not happen. They have been taught to believe 

all that by a schematic philosophy. 

All narrative texts from the Mahabharata on are full of Yoga 
tHJChnique,* and thwe is scarcely a single item of the Yopn's fictitious 
powers t&t has not taken service with fiction. To begin with the 
Yc^n, or ^me undefined ascetic who is. to all intents and purposes, 
omnifiatciit, is met at every turn of fiction. Asceticism is practised 
for the avowed purpose of obtaining magic power,' The Yogas 
most extravagant claim,' namely that It enables its adepts to act as 
the almighty Creator, is supported in epic narrative by the statement 
that the Yogin possesses thef power of srsti, 1 . 1 ., the ability to create 
Ihinga like Prajapati.'’ Division of personality (kaya-vymha.) is 
practi sed not only by .the gods (Siirya in Mahabh, 3- Bl or 
Skanda. ibid., 0- 44- 37), but even by mortals. In Kathas. 45- 343ff.s 
King Siiryaprabba, Having acctimulated at one and the same tune 
an unusually large stock of wives, divides his body by bis magic 

® S«e Jx40S. XXTL 33 ^ S. 

T E. Kath&s. w. St, 

* Gartw, ^ SoirtkhjTi “ p. 

9 Bee Hopkins, L c., p- JS5- 
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scrienctfp and lives with all thcwc ladies, but with his real bgdy he 
lived principally with his best beloved Maballikip the daughter of 
the Asura Prahlada. Disappearance; making one's self small (''so 
small as to creep mto a lotus-staJk Boating' in or dying through 
the aiHS with or without a chariot; remembrance of former binhs^^; 
doing as one wills are commonplaces of fiction to the point of tire¬ 
some cliche. They are used to cut the CJordian knot, or as sub- 
stitntes for the dciis ex machina, wlitm convenience calls for them 
in the least degree. 

Ko doubt many or most of these faii^'-tales w'ere known, to 
folk-lore before Yoga philosophy systematized them, and many more 
are current in fiction which the Yoga does not take note of at all. 
The gods could always do as they pleased, to begin with. Yoga or 
no Yoga. There is an special class of $emi-divine persons* the 
SQ-calkd Vidyadharas, or Holders of ^lagic Science,"' who need 
no insimciton in Yoga and yet possess every imaginable power. 
They are magicians congenitally, liabiimlly fly in the air* and are 
therefore also knowm by the name of ''Air-goers" (khemra, or 
vihaga l. In a vaguer way almost any one at all may ovvti magic 
sdtnce in fiction. The fairy-tale is interested more in the indi¬ 
vidual items of magic as sclf-existent real properties of its technique 
than in their causes or their motivation. But the influence of the 
Yoga appears In this ivay: as a rule, each magic trick is dignified 
by the name of x^dyg, '^sdence” or "art” (‘"sluntr as we might 
say)* These v^idyu.s are in the first place the property by divine 
right of the above-mentioned Vidyadharas^ but they may also be 
acquired^ or called into service by mortals. 

Quite frequently the vidylis are personified and dted like famib 
iar spiritSp or good fairies.*^ They appear in profusion wfith 
pedantic descriptive names* Thus there is the Vidya called Pra- 

MahSbti, 343, 42 , 

Kalha^. la 1%: 20. ids, Mi ; 25. 39. t€6; Par^vinatha 

Cantra i 536; Kathikoea, pp- 4$^ 5^; Pratiandhacintfttnani, pp. 137, 150, 195 
(in Tawiie>*a Translation)^ 

Mababh. 13, 29. II ; j 8, 4. 23-37^ and on every other page of fiction. 
iMn Vikraniii-Curlta die eight ^idiihEa (^bovc. p. 2) are pt:fianihed as 
virgina: pee WelNirp Indische Studteii, XV. 388. 
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jnapti, "Prescience,’* or " Foreknowledge,”'* Kiithas, S'- 45 : t”* 

52 i Par<:vanatha Caritra, 6. 879, 1141; or Prakrit Janavani <San* 
skrk, Jnapani), "Knowledge.”’*"' In Kathas. iii. 52. a king, 
suspecting that some calamity might have befallen his father, 
thought upon the " Science ” named Prajnapti, who thereupon pre¬ 
sented herself, and he addressed her: "Tell me how Itas my father 
fared?”. The Science that had presented herself in a bodily form 
said to him: "Hear what has befallen your father, the king of 
Vatsa,” Similarly, in Kathas, 30. 6ff.. Idadanavega, a Vidyadhara, 
is worried because he is in love with the mortal maiden Kalingasena. 
He calls to mind the Science named Prajuapti, which informs him 
^that Kalingasena is an Apsaras, or heavenly nymph, dt^aded in 
consequence of a curse. Similarly, ibid, 42. 32, Ratnaprabha calls 
up a supernatural Science, called May.wati, " Witching,”.which tells 
her tidings of her husband. 

The “Science” called Caksu.sT, "Seeing," is bestowed by the 
Gandliarvas upon Arjuna, Mababh. i. 171. 6; the "Science" called 
Pratismrti, " Memory,” is taught by bis brother to Arjuna, ibid., 

3. 36. 30, In Bambbadatin, p. 8, !. tp, there is a “ Science," called 
Samkari (Skt. " Safety-bestower”; if this is merely 

remembered it surrounds one with friends and servants that do 
* one’s bidding (sec also ibid., p, 15, 1 , 2). In Kathas. 46. no, King 
Candradatta possesses the Science called Mohani, " Bewildering,” 
and for that reason ts hard to conquer; similarly, in Kathakoqa, p. 
144, there is the Science called "Invincible” (presumahly Apara- 
Jita); and in Piirqanaiha Carilra, 3, 938, the Sdence called Viqva- 
vagikira, “All-subjecting,” presents herself in person (avirbhavati 
svayam). 

The last-men tioned test, in S, 60, 15S, has the Science called 
Khaganiini, “ Flying in the air.” The same Science is called Akaqa- 
gamini in Parqvanatha i. 577, and in Prabhavaka Cartta, p, II, 
^loka 151 ; Vyomagaminl Or Gaganagamini in Prabhavaka Carita, 
p. 7. 4loka lOQ, and p, 19, qloka 148; not very different is the 
Science called Adhisthayinl, "Floating in the air,” Patifvatialha I. 

See also Kathlikoca. PP- az, ^2. A preceptor of these sciences is called 
Prajnaiiii-K&ueika in Kalhas. a;, 2)^4. 

'“■"Storjf of BamU^datta " (Jacobi, " Miharastri Tale*,’" p. S, L SS). 
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599, This iSp of coiifse* the pdinfr quality of ibe Vidy 5 dharas 
(khecara) themselves. Frequem mention is made of the Science 
called '-Resuscitation”: Samjivim, Pat^viimtha 6. 706: or Jivan!, 
Mahabh. I. 67+ 58; or Mrtajidni^ Skandapuraiap Kiicfkhanda^ 
16. 8 l I^fcvanalha, 2. 201, lias the Science called Dhuvana- 
ksobhinif Earthquake and Parivvanatha 8. 158, and Pariesslapar- 
van 2. 17$, have the Science called Talod^hadni^ Opening of 
locks." It will be observed that texts of the Jaina religionists 
figure frequently in this matter^ this, because of the iiiiportance 
which the Jaina$ attach to ascetic practices. These practices and 
the beliefs connected with them have, in tbdr tump atimubted the 
Jamas' great love of fiction. It is rather characteristic that the 
Parqvanatha Caritra I. S76ff.p mentions no less than five of these 
Sciences in one pbcc+ to tvii: Adrcyncarai^^ '"Invisibility;” Ak^tip 
''CornptUing the presence of a person;” RQpantarakrth "Chang¬ 
ing one^s shape;" Parakayapraveca^ Entering another's body;” 
and Akacagatnint p " T raveling in the air.*^ 

Conspicuous among these magic " Arts," as we may now call 
them, is the “Art of entering another's body^*^*^ In the Yoga- 
Sutras liL 3S it h called para-t;arira-ave^; in other Yoga writings^ 
and in Merutunga's Prabandhacintamani^ p. is, para-pura-pra- 
vet^a;^" in Kathas. 45. 78^ 79t dehantara-ave^a. or anya-deha- 
prave^;ako yc^ah; in the Jainist Parevanatha Caritra t, 576; 3. 

119; in the Metrical Version of the Vikrama Carita, story' 21* lines 
I09-110; in the BQliIer manuscript of the Pancatantra, and in 
Meghavijaya's version of the same textp para-kaya-prave^a (see 
WZKM. ;X 1 X. p. 64; ZDMG. LIl. p. 649), The same designa¬ 
tion is used in the Viknuna story In a manuscript of the Vetaapan- 
caviheati, edited by Uhle in ZDMG, XXIll, pp- 443ff’ The 
krama Carita defines this Art (wdth others) as ancillary to the eight 
mahasiddhis, to wit, panika.yapravei;adya yac ca katy api siddhayah, 
etadastamahasiddhipada pahkajasevikah, "the Arts Entering an- 

Hemsicandra's Yoigac-^^tra tbit h preceded hy the " Art of 
rating one's self from one^s body/^ called vedbavidhij see Bublerp "^Ueber da* 
Lcben, des Jalna Moachci: Heniacandra" p. 251. 

Aniruddba to Simkhj^s. p. 129. The Sanskrit Lexicons cither 
omit or mi sunder slood this see liobtlin^k, Vll, p, 3|6, coL t. 
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other's body and some others are subservient to the foot-lotuses of 
the these mahasiddhis (the great Arts)/* For all that the patakaya- 
praveca is au art destined to make a brilliant career is fiction. It 
is api>Hed in two rather distinctive ways, one more philosophical, 
the other plainly folk-lore. In its philosophical aspect the mind- 
stuff penetrates into the body of another.” Patahjali’s Commen¬ 
tator (Yoga-Bhasya of Veda-Vyasa) remarks that the Yogio, as 
the result of concentration reduces his karma, becomes conscious 
of the procedure of Ws mind-stuff, and then is able to withdraw 
the mind-stuff from his own body and to deposit it in another body. 
The organs also fly after the mind-stuff thus deposited.'* In its 
folk-lore aspect the art consists of abandoning one's body and enter¬ 
ing another body, dead or in some other way bereft of its souL The 
second form is naturally more popular in fiction. 

There is but one elaborate instance of the art of pervading 
another’s body ivith one's mind-stuff. Mahabharata, 13. 4 '^ff- 
noble sage, named Elcvacarman, had a 'wife, Ruci by name, the like 
of whom there was not upon the earth. Gods, Gandharvas, and 
Demons were intoxicated by her charms, but none so much so as 
the Cod Indra, the slayer of Vrtra, the punisher of Paka. Indra 
is of old a good deal of a vitvur and man about town. In remote 
antiquity he established for himself his dubious reputation by 
i-iolating Ahalya, the beautiful wife of the great Sage Ga^utama | 
therefore he is knoivu ever after as the Paramour of .Abalya 
(ahalyayai jarah).** Now Deva^aiman, the great Sage, under¬ 
stood the nature of women, therefore guarded that wife with every 
device and endeavor. Also, be was aware tliat Indra, seeker of 
intrigues with llie w'ivcs of others, was the most likely source of 
danger: hence he yet more strenuously guarded his wife. Being 
minded to perform a sacrifice he pondered the means of protecting 
his spouse during his absence. He called to him his disciple V ipula, 
and said : " I am going to perform a sacrifice; since Indra constantly 

‘•Wood. Ttie Yoga-Sysieirt of PataTiiali, HOS. Vol. XVIL p, afi 6 . Cf, 
ihc Icaniavasiiyitva of the cQimneiilator to Vacaspatiniicfa s “ Sauikbya-tatlVa- 
kSumudl.” I. e. 

“From Catapatha Brahinana, 3 .3 + ^ KathaiiriliSsara 17.13?R-; 

aiit my Vcriic Concordance under alialy^ylL 


8 


BLOOMRELD-ON THE ART OF 


lusts after Rud, do thou gtinrd her with all thy might. Unceasingly 
must thou be on thy guard against him. for he puls on many dis¬ 
guises ! ” Then Vipula, ascetic and chaste, dean like the sheen of 
fire’s flame, knowing the moral law and truthful, tsonsented to take 
charge. 

As the blaster was about to start Vipula asked him J “ What are 
the shapes that Indra contrives, when he comes? What sort of 
beauty and majesty docs be assume, pray tell me that, O Sage?" 
Then the Master recounted to him Indra’a wiles in detail; ” He zp- 
pears with a diadem, carrying his war-bolt, with jewds in his ears; 
the next moment like 3 Faria in appearance; as an ascetic with a 
tuft on his head, clothed in rags; of body great, or of body small. 
He changes his complexion from red to pale, and again to black; 
his form from stalwart youth to decrepit old age. He appears in the 
guise of Brahman, Ksatrlya, Vai^ya. Cudra, mdtfTerently of high 
or low caste; may show himself beautiful in white robe; disguised 
as swan or koil-bird; as lion, tiger, or elephant; in the guise of god. 
or demon, or king; fat or lean; as a bird, or stupid animal of many 
a form, even as 3 gnat or fly. He may vanish, so as to be visible 
only to the eye of knmvledge; turn to thin air.” 

The Sage in due time starts on his journey, leaving his fiduciary 
pupil in charge of the wife. India, as forecast, appears upon the 
scene, and Vipula finds that Euci is wayn-ard. Then, by his Yoga, 
he invades her mind (cittasya paracariravecali) and restrains her. 
He abides in her “ limb by limb." like a shadow, like a person 
stopping In an empty house which he finds on his way, soiling her 
as little as a drop of water soils a lotus-kaf, standing in her like a 
reflection in a mirror* 

Ruci is unconscious of the influence, but the operator’s eye is 
fixed, for his spirit is far away. When India enters she wishes to 
say politely to the guest, "Who are thou?" but. stilTcncd and re¬ 
strained by the magic presence in her soul, she is unable to move. 
India says: ’'Compelled by the bodiless God of Love I come for 
thy sake, O sweetly smiling woman." but she is still unable to rise 
and speak, because the virtuous pupil restrains her by the bonds of 
Yoga. Vipula finally returns to hfs own body, and Indra. shamed 
by his reproaches, slinks off. 
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Twice more in the Maliahhirata the motif takes the form of 
perva^iin^ another with one's self. In 12, 290, 12 the Sage U^anas^ 
perfect in Yoga, projects himself into Kubera, the god 01 wealth, 
and controls him 50 as to be able lo take his wealth and decamp. 
In 15. 26, 26—^ the ascetic Vidtira* ^ he dies, rests his body against 
a tree, and enters the body of A'udhisthira w'ho is thus dowered with 
Vidnra*s many virtues. Tlie Sage, having left w^sth Yudhisthira 
his powers, obtains the Sarhtanika's worlds. But, as a rule, the art 
is to enter the empty body of a dead person, or of a person who has 
himself decamped from his nw^n bodi% That Is the permanent t^-pe. 
Thus, in Kathako^a, p. 38 iT. Prince Amaracandra enters anolher's 
body in order to feign death, and thus test the faith of his wife 
jayaert who had but just married him by -^’t'ayamvara. \\lien she 
is about to join him on the funeral pyre he recovers his body by 
his magic. 

The intricate story of Yogananda, or the Brahman disciple Indra- 
datta, who became king Nanda by entering his dead body by Yoga, 
is told, Kathas. 4. 92W-1 and in the fifth chapter of Memtuhga's 
Prabandhacintamanl, p, 271, In the version of the Kathnsaritsa- 
gara the celebrated Hindu Graminarian Varamd, together with hts 
tw^o pupils Vyadj and Indradiitta, wishes to learn from Varsa a new 
grammar that had been revealed to him by the god Xarttikeya- 
Xow Varsa asks a million gold pieces for the lesson. The price is 
rather stiff, and they knowr no w'ay except to rely on the liberality 
of king Nanda of Oudh. ’WTien lliey arrive in Oudh Nanda has 
just died^ Tliej^ devise ihat Indradatta shall enter for a short time 
Nanda's body, and that he shall again withdraw therefrom as soon 
as he has granted the million. Indradatta then enters Mandats 
body; Vyadi watches over Indradatta's empty shell; Vararuci makes 
the request for ihe money. But the wnse minister of the defunct 
king, Cakatala by name, reflects that Nanda's son is still a hoy, that 
the kingdom is surrounded by enemies, and decides to retain the 
magic Nanda (Yoganatida) upon the throue. He therefore orders 
all corpses to be burned,^ including Indradalta^s, and the laiteris 
soul, to its horror, is thus compelled to reside in the body of Xanda, 
a Cudra, %vherea5 it is, in truth, that of a Brahman. 

For tbh feature, iiaTrcly, the burning ot temporarily abandoned bodies, 
see Ecniey, PaflauaniTa, L ; II. 147. 
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In tht Pmbandhadntamani king Narida of Paialipura dies^ 
and a certain Brphman enters his body. A second Bmhnian by 
coiiiiivance comes to the renovated king's door+ redies the Veda, 
and obtains as reward a crore of gold-pieces. The prime nunister* 
considered that formerly Nanda was parsimonious, whereas he now 
displayed generosity. So be arrested that Brahman, and made 
search everywhere for a foreigner that knew' the art of entering 
another body- Hearing, moreover, that a corpse was being gtiarded 
somewhere by a certain person he reduced the corpse to ashes, by 
placing -it on the funeral pyre, and so contrived to carry on I^anda 
as monarch m his mighty kingdom as before, Ben fey. Das 
Paheatantra, L 123, quotes Tumour, MaMvatiso, Introduction* p. 
XLU, to the effect that Buddhist sources report of Candragiipta, 
the founder of the Maury a dynasty, the same story. Candragupta's 
bchdy was occupied after his death by a Yaksa, named Ikvagarbha 

In the Vampire-story in Gvadasa's recension of the VetiJa- 
pancavinqati, 23 ; Kathasariisikgara* 97; Oesterky's Battal Pachtsf/' 
2a; V^edala Cadai/* 22,” the Vampire relates hovr an old and 
decrepit Pa<;upata ascetic abandons his owm shriveled body and 
enters that of a young Brahman who has just died, and later on 
throws his own body into a ravine, in the Hindi version of the 
Vampire stories Baital FachTsI," 24)^ but not in the classical ver¬ 
sions, there occurs an unimportant variant of the same story . 

In Kaihas. 45, 47, 113, the Asura Maya tells Candraprabha that 
he was, in a former birth, a Danava^ SunTtlia by name, and that 
his body, after death in a battle between the Devas and the Asuras, 
had been preserved by embalming. The Asura Maya proposes to 
teach Candraprabha a charm by w^hich he may return to his own 
former body, and so become superior in spirit and strength. 

In the Hindnstani Bhaktmiar'-* there is a m^rry story about 
Camkaricarya, who has entered into a learned disputation with a 
Doctor named Mandan Misr, The letter's wife had crowned the 

=* Vakatala (or Is his name in the same text, p, 306, and in 

another Jain text, Parici^taparvaii 8. 50. 

Babington in Mwtellantous Tratislaiions from Oriental Languages,^ 
Vol. 1. Part IV^ p, 8^ 

^See Carcln de '"Histoire clc b Literature Hindoui cL Hindou- 

stani,'^ It. ^4_ 
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heads of the two disputants with wreaths; Mandati Wisr’s wreath 
faded first, and Caiiikara declares that he has conquered, and that 
Maudan Misr must become his disdple. But the wife remonstrates, 
on the plea that her husband is only half, she herself being the other 
half : he must conquer her also. She enters into a disputation with 
him particularly on the Art of 1 -ove (RaS'Sehaster), in which he, 
a Brahmacarm, is quite inexperienced- In order not to have an 


undue advantage she gives him a month's time for preparation, 
Camltara enters the body of a king who has just died, committing 
his body to the care of his disciples. In the time of a single month 
Camkara gathers a fifltd of experience in the art sufficient to down 
the woman in her own domain. 

Buddhist novice kills a serpent tn order to cuter its body, ac¬ 
cording to Bumouf, “ Introduction a Ihistoire du Buddhisme/* I. 
331, and Stan. luUen. ” Memoircs," I, 4S; see Bentey, Das Pan- 
caiantra, 1. 124. 

F. W. Bain, “A Digit of the Moon.” pp. a+ff., tells the follow¬ 
ing, presumably spurious, story, based upon sundry echoes from 
Hindu fiction: A king’s domestic chaplain (purohita) is smitten with 
an evil passion for another man’s wife. He gets the husband 
interested in the art of entering another’s body, lakes him one 
night to the cemetery, and there each by the power of Yoga aban¬ 
dons his body. The Purohita enters the body of the husband, who 
in turn is obliged to put up with the Purohita’s body that is left. 
By chance he returns not to his own home, but to the house of the 


Purohita* 

His wife’s illicit love for the Purohita has in the meantime 


driven her to his house, and as a result, she now showers unac¬ 
customed endearments upon her own husband in the guise of the 
Purohita. The Purohita, in the meantime, has gone to the house 
of this dissolute woman, ivhcre he passes the night, cur>ing hiS 
fate because of her absence. In the morning the Purohita leaves 
the house before the woman’s return, and arrives at his own house 
where he finds the husband asleep in his own bed. After mutual 
recriminations they return to the cemetery and change back their 
bodies. Then the husband realizes the import of what has hap¬ 
pened and brings both the Purohita and his own wife before the 
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kings officers But the Purohila says; “f have not touched ynur 
nife. And the wife says; '■ Was it not yourself that I embraced ?" 
And the situation, in the manner of the Vampire-stories, remains a 

puzzle. 

The most important aspect of our theme is that which tells how 
a certain king, either Mnkuticia or Vikmma, was tricked out of his 
^ 3 - by a wily companion. In Ijoth versions figure a parrot, and a 
devoted and observant queen; and in both stories the king finally 

J^-erthdess. the two types of Jry- show 
stjy mdtviduol physiognomies. The Vikrama slot 3 % in an «sen- 

i^ ■'\r *1 accessible since a very early date ( 1 S 17 ) 

Lescallicr.” Le Trone Enchante, New-York de 

* translalion from the Persian 

name, o knon. (though not exclusively so) under the 

Tw/i . Smhasanacliratrrntika.'' or, -The ^ Stories of the 

ran,r^^- T 7 ' History of King Vik- 

Z . fi 

l>a<e 7 wllections. all of which are certainly 

upon Hindu models, because they contain the feature of the 

“i”'' (»'' 

Benfelr \rnZ ^ ^ literature is concerned. 

Gak.!^*^ ' ^ rendering of the Mukunda story in 

Galanos translapon of the Hitopadeua, ^ 

sidelw 'T''“ accessible to Europeans con- 

ZZ- rT'' r Vikrama version, Galan^, 

(see r«Ifev T" < 5 reek in 1851 

Pancatantr^ V^’ TT^ ’ t^ttnslated it from Galanos in 

original of Galanos m the Biihler manuscript of the Pancatantra; 

JB. .“'mS ' 

t, w.h„. - T”'"” 

Enu. wLTj:r«,«" ^ 
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see WZKM, XIX. 63 ff. He also brought to light two briefer 
versions of the same story, one in Meghavijaya's recension of the 
Pancatamra, ZD MG. LI I, pp. 6495.: the other in the Southern 
textus simplicior of the Paiicatantra, ZDMG. LX I, p. 27. The 
story pivots about a proverbial (niti) stanza, to wit : 

“That which belongs to six ears is betrayed." 

" Not if the hunchback is present." 

“The hunchback became a king. 

The king a beggar and vagabond.'*** 

King Muktutda of Lllavati, returning from a pleasure grove to 
his city, saw a hunchback down performing bis tricks before a 
crowd. He took him with him in Order to make merry over him. 
and constantly kept him by his side. The king's Minister desiring 
to consult with the king, saw the hunchback and recited part of the 
metrical adage: 

“ That which belongs {is known to) to six ears is betrayed." 

But the king continued the stanza: 

“ Not if the hunchback is present." 

On a certain day a Yogiu turned up; the king received him 
under four e^'cs, and learned from him the art of entering into a 
dead body. The king kc|)t reliearsing to himself the charm in the 
presence of the hunchback who, in this way, learned it also. It 
happened that the king and the hunchback went out to hunt: the 
king discovered in a thicket a Bralunan who had died of thirst. 
Eager to test his power, he muttered the charm he had Icanicd and 
transported his soul into the body of the Brahman. The liutjcli- 
back immediately entered the body of the king, mounted his horse. 

®*Thc original of tin* verse as‘given by Hertcl, WZKM. NIX. 64, h: 
$a!karno bliidyate mantrab kubjake naiva bhidyate, kubjako jiyate raja fSja 
bhavatt btiikfukab. Verj' similar is the verse quoted from S«blia$itirttava, 
tja by Buhtlingk. "Indijche Spruche." 6601: satkarna bWdiwte roantrac 
caUi^karno na bbidyate. ktibjako jayate raja bhavatj btiik^ukak. Hcrtel 
cites yet another version from the southern textus siinpGcior of the Panca- 
tantrn, ZDMG. LXT, p. -JT, note 3, to wit: fatkarnnm bhidyate matiiraih 
tiiva 1r^3~am Ca hhidyate, kisbjo bhat'aki rajeudro bhavati bhiW^ukab, Gi. 
atso BbhtUnEk's “ SprGche.” 660a and fidoj (ftoro various sources); they do 
not mention the tcuhjaka, “ hunchbadt." 
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and said to the king: Now shali I exercise royalty; do vou go 
w hcrtn^cT OP earth it pleases yoti/' And the king, realizing his hel(>- 
lessnessp turned avray from his city. 

Because the trick king spoke irrelevantly in ihe presence of the 
queen, she suspected him and consulted ihe aged Minister, He 
began to distribute food among needy strangers, and, as he himself 
washed their feet, he rcciicd: 

'"That which belongs to six ears is betrayed.” 

Not if the hunchback is present,*^ 

and asked each mendicant to feciie the other half of the stanza.*^ 
The true king heard of this; recognized in it the action of the queen, 
returned as a mendicant, and, when the Minister recited as above, 

he finished the stanza; 

- 

“The hunchback became a kingt 
The king beggar and vagabond/' 

The minister was satisfied wilh this evidence, and returned to the 
queen whom he found w^ailing over a dead pet-parrot. He advised 
her to call the false king and to say: Is there in this city a magi¬ 
cian who can make this parrot utter even a single word?” The 
fake king, proud of his newdy won art, abandoned the royal bodyp 
entered that of the parrot, and the true king recovered his own. 
Then the Minister killed the parrot which had been reanimated by 
the hunchback. 

Meghavijaya's version (ZDMG, LIh 649) is a straight ab¬ 
breviation of this St or)?. Yet briefer and somewhat tangled is the 
version reported by Hcrtel Irom the Scutth-Tndian textus simplicior 
of the Pancatantra; see ZDMG. t*XI. 37 ff. This version is 
clearly secondary to that of Galanos; the names are all changed^ 
and the hunchback figures as an aUendant of the king, being called 

On divinjeij stanras a mean^ of reco^ldoiT m the sfoty o! Baitihlia- 
dAtt3^ p. ig, lities 30 fFr (Jacobi, Ausgewablte ErribluTiircii in MSharo^tri**). 
and cf. my tssay on Jfiiladeva^ Prcaedtngs 0/ ihf American PMhsaphicai 
Sadfiy^ lAl. 644. On the complctiDji of fmomentary stanzas see 

Tawncy's iran^lation of Pi^bandbacLntStnaj;ii,pp.ek6o; Hertel in ZDMG. LXI, 
p, 22; and, in general, ZachaHac in *^Gurup{ljakaumudi,'' pp. 3S E,; Gharpentier, 
“PaCcekabuddhagcschEchtcji/' p, 35. Cloka as dcus cis tnadiina in Pareva- 
nllha Carilra 2. O60 
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Kubja, “Hunchback;*' i. e., the word has become a proper name 
without relevance of any sort. The story is, moreover, clashed 
with motifs that had nothing to do with it originally : The king 
leams the art from a sorcerer. Kubja overhears the charm. The 
king sees a female haiiii-bird in distress, because her mate has becu 
shot by a hunter. The king, out of pity, enters the mate hatisa's 
body Kubja enters the king's body, usurps the kingdom, but is 
flouted by the queen. The king abandons the body of the hansa, 
euters that of a beggar, and consults with the sorcerer. The latter 
tells the story to the king's minister. The minister advises the 
queen to kill her parrot, and to tell the fake king that she will 
receive him, if he reanimates the parrot. 'ITie false king euters into 
the parrot and is slain. 

All versions of the stor)' with King Vikrama in the center are 
clearly marked off from the Mukunda story. They supplant the 
hunchback by a magician (Yogtn) and do not pivot about the 
stansa, '* That which belongs to six cars is betrayed.” .As far as I 
know there are four versions of this story, to wit: Lescallier's, 
alluded to above; a version w'hich appears in a manuscript of the 
Vctalapancaviucati, edited and translated by LHile in ZDMG. 
XXni. 443 ff-: a very brief summary in Merutunga's Prabantlha- 
cintomani, p. 12; and a full and brilliant version in PSrevanatha 
Caritia, 3, 105-324.** Moreover this tale has great vogue in Hindu 
folk-lore, w'here it is usually blended urith other parrot stories 
,and with other Vikrama stories: see Frcre, "Old Deccan Days," 
pp. 102 ff. ( Vlcram Maharaj.ali Parrot) ; J. H, Knowles. “ Dictionary 
of Kashmiri Proverbs,** p. r^S (gg 4 and 5) ; .Anaryan (pseudonym 
of F. Arbuthnoi) in "Parly Ideas, Hindoo Stories.” pp. isiff.. 
where the story is ascribed to the Prakrit poet Hurridas (Hari- 
dasa) Buiterwortb, "Zig-Zag Journeys in India,” p. 167: "The 
parrot with the soul of a Rajah." 

^For this trait of the sftnfy see Ranisi'arLa i- 2. off. 

DeslonRchamps, L t, slates that ihc story occurs, “ avee d’autres detaas, 
le recuetl satsscrit qiii a (lotjr titre Vrbat-Katba (voyet le Quorteriy 
On<‘fHc,l Matfoane df CaUntla, mars 1824). V'chat-Kathi is doubtleis in¬ 
tended for "KalhisarltsaBara," bat the story it not there The Quarttrly 
OnVKruf it not accessible, _ _ 

5 »That the story did exist in softt Prakrit version seems to be likely. 
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Lescallier s version of the story, a little uncertain as to its make¬ 
up. differs not only from the Mukunda story, but also from the 
three remaining versions of which we have the Sanskrit text. Since 
the book IS very rare, the following digest may be acceptable: A 
Yogin (Djogui) named Jehabel (Jabala or Jabali?) starts out with 
the avowed purpose of tricking Vikramaditya (Bekdrmadjtet J out 
of his borly, so that he may rule in his stead. He takes with him a 
dead parrot. He obtains an audience with the king, and after 
effusively praising him, says that he has heard that Vikrama pos¬ 
sesses fourteen arts (vidyas), one of which is the capacity to 
transplant his soul into a dead body, and thus to revive it. He 
begs for an ocular demonstration of this art: Vikrama is to pass 
his soul for a moment into the body of the dead parrot. After 
some remonstrance Vikrama consents, and they go to a room whose 
every oj^nmg the Yogin carefully shuts, on the plea that complete 
secrecy is desirable. Vikrama enters the bodv of tlje parrot which 
immediately shows every sign of Ufe: the Yogiu occupies Vikrama's 
bt^y. Then he attempts to sc«e the parrot in order to slay him, 
Vikrama, unable to escape from the dosed room, resorts to the 
supreme being, making what the Buddhists call the saccakiriya, or 
"truth-act,'* or satya-^ravani, or "truth-declaration”:" “O al¬ 
mighty God, as king I have done good to all men. I have trated 
generously and benevolently all who have resorted to me, 1 have 
solaced the unfortunate, and none, not even animals, have suffered 
exactions or injustice at my hands. Being without reproach I do 
not comprehend for what fault I am thus punished! ” Ko sooner 
has he littered this prayer than a violent gust of wind throws open 
every aperture of the room. The parrot escapes, and settles upon 
a Sambonl ((^almali ) tree in the great garden of Noulkeha," where 
he becomes kin^ of the parrots. 


^ ’'hieti occurs at the of s^crat TOanascripts of the 

‘li' Vikrama colicctmn edited in the 
Maharastn JanKUage; sre Weber. Indische Stud ten. XV, pp. iSr ff 

hv > n ^ ^ l*Ht known 

: is one of die nio.t con^anh Many ill^ 

^ "tare in my hands finclndirf; the triek-saccakirivaj, but the theme 

printed >.-omk<ha. 
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The Yogin embalms his own body, buries it socretlyp and then 
proceeds to impersouaie Vikratna. One day the parrot reconnoitres 
the palace; and flutters about the head of the trick king, who is 
afraid that he will peck out his eyes. He therefore issues a procla¬ 
mation to the hunters of his domains that he will pay a gold mohur 
each for parrots, in the hope that he will in this way gel rid of the 
parrot inhabited by Vikrama. As many as are brought to him he 
promptiy orders to be roasted. Now a certain hunter, Kalia by 
name, spreads a net under the tree inhabited by the royal parrot. 
The latter deliberately flies into the net, and is follow-ed by all his 
tribe of parrots. Then he asks Kalia lo release them all, on the 
plea that he will manage to obtain a thousand mohurs as his own 
price. The hunter is impressed with the royal parrot's accomplish¬ 
ments. and enters upon his scheme. 

In the meantime the queens of the palace show' repugnance to 
the usurper, and refuse him the pro|>er marital attentionSj so that 
he is led to cast hi$ eyes upon the daughter of his treasurer Ounian, 
who is. of course, flattered by this distinction, and promises him his 
daughter in marriage. One day the maidm with her attendants 
goes to bathe in a certain bathing tank, passing and repassing on 
the way the honse of the hunter Kaliah. The parrot, hanging in 
his cage outside, enchants her by his sayings and songs, so that she 
finally buys him at the exorbitant price of a thousand mohurs—the 
price which the parrot had set upon himself* WTien she takes him 
to her own apartments he notices there the signs of festal doings. 
He asks her what is the occasion, and she tells him that she is to be 
married to the king in four days. The parrot breaks out into 
hilarious laughter, believing that he sees a w^ay to revenge himself 
on the Yogin. When the treasurer's daughter a$ks him to explain 
his hilarity, he tells her that she is making a mistake in marrying 
the king, since as his wdfe she ^vould share his affection with a thou¬ 
sand others. She asks what she i$ to do, and he tells her as 
follows: "Buy a young deer, small and weakly. On the marriage 
day^ Avhen you are conducted to the palace, take him with you and 
tie him to the foot of your bed. VV'hen the king comes, tell him that 
you love the deer as a brother, and that marital intimacies must 
therefore not take place in his presence. The king, angry because 

?ROeL AMES. PHIL- SOC., VOL. IVI, H, AHllL J, l^lj. 
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you repel his advances, will kick the deer and kill him. You will 
then break out in lamentations over the death of the dcer^ your 
brother^ and insist that you cannot endure caresses unless your eyes 
behold the deer abve, if only for a moment/" 

In due time aU happens as prearTang:ed, The amorous trick 
kin^, to please his new queen* enters the body of the dead deerp 
and immediately the parrot, who manages to be present, reoccupies 
his own body. Vikrama then merdfuUy enables the wicked Yogin 
to reenter his own body. Shamed and contrite he Is allowed to go 
his way. 

The story in this form is unquestionably less well motivated 
than that of the Vetilapancsvih^arip or Parcvanaiha Caritra, below. 
Especiallyj the maitner in which, in the latter account, the Yogin is 
tempted by circumstances to «iter upon his perfidious career is 
important and primary ; the relation of the parrot king to his own 
queen is tvorked out much more artistically than in the Fersian 
version.^ 

The remaining three versions are strikingly Unitarian as to plot^ 
but differ each from the other in some detaiU, in style, and in extent, 
ilerutuhga's version is little more than a table of contents of the 
little Epic as told in Par<;vanatha Caritra (both are Jain texts)* 
altltough the wording differs a good deaL Mcrutunga (Bombay, 
iSSo) is prcstimably not very accessible; I give here the brief text of 
the original: 

atha kasmih^ dd avasare parapurapravc^avidyaya nir^ri3.h 
Sarva apS viphaia kala iti nt^amya tadadhignmaya ^parvate bhaira- 
™andayoginaJ;i samipc erivikramas tarn ciram amradha* tat purva- 
prasevakena kenapi dvijatina rajno 'gre itt kalhitam. yat tvaya marii 
vihaya parapurapraveeavudya guror nadeya, ity uparuddho nrpo 
vidyadanodyatam gunim vijhapayama.sa, yat pmthamam asmai dvi- 
jaya vidyaiii dehi pagean mahyam, he raj an ay am vidySyah sar- 
vathanarha iti gunmoditc bhuyo-bhuyas tava pa^cat tape bhavis- 
yat it)' upadii;ya nrpoparodhat tena vipraya vidyi pradatta* tatah 

^ A story slttiiEar to that of Lescallitr, but differing in many o^rticutirs, 
h told in “Lfli MiUe et Ua Jours” (Petis dc b Cmis). VoL L, p, 2B1 
(jours?). 
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prat^-ivT^u dvav apy ujjaymTm prapya pattc^astivifKittivisaiinaih 
rajalokam avalokya parapurapravc^vidyaiiubhavanjniittam ca raja 
nijagaja^atira atmariaih nyaveqayat, tad yathlp 

bhupah pmbartkc dvij« nijagajasyaiTgc "vi^ad vidyaya, 
vipro bhupavapiir vive^a nrpatih krida^iiko *bhut talah, 
palUgtttanivc^italmanajTi nrpe vyamrcya dev^a mrttmi 
viprah tdram ajivayan nijatanum ^n{vi) kramo kbdhavtji- 
itthani vikraaiarkasya parapurapravegayid}^ ^ddha. 

Tawnfiy's translation, ^Tbe Prabandhadntmani, or Wishing- 
stone of NarrativeSt" pp^ 9t reads: Then, having heard on a 
certain occasion, that all accomplishments are useless in comparison 
with the art of entering the bodies of other creatures^** King Vik- 
ruma repaired to the Yogin Bhairavananda, and propitiated him 
for a long time on the niouittaiii of Cii. But a former servant of 
bis, a certain Brahman, said to the king, " You ought not to receive 
from the teacher the art of entering other bodies, unless il is given 
to me at the same time/' Hadng been thus entreated, the king 
made this request to the teacher, when he was desirous of bestow¬ 
ing On him the science, *' First bestow' the science on this Brahman, 
then on me." The teacher said, ** King, this man is altogether un¬ 
worthy of the science.” Then he gax^e him this wamiug, ** You 
will again and again repent of this request.” After the teacher had 
given this w’aming, at the earnest entreaty of tlie king, he bestowed 
the science on the Brahman. Then both returned to UJjajHnf. 
Wlicn the king reached it, seeing that his courtiers w^cre depressed 
On account of the death of the state elephant, and also in order 
to test the science of entering another body, he transferred his soul 
into the body of his own elephant. 

The occurrence is thus described; 

The king, while the Brahman kept guards entered by his science 
the body of hi$ elephant; 

The Brahman entered the body of the king; then the king became 
a pet parrot j 

The king transferred himself into the body of a lizard; then con¬ 
sidering that the queen was likely to die, 

^* For the iradltion that Viknuria became an ad^t in all sorts of ma^Cn 
sec Julg, ^ MongoHsche M.iTcben " p. 2i?» 
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The Brahman restored to life the pairoti and the great Vikrama 
recovered his own body. 

In thi$ way VTkmmadilya acquired the art of entering another 
body. 

It requires no sharp attention to note that this brief account reads 
like a digest of sortie such story a$ either of the following two. 
Especially the unmotivated passage of the king from parrot to 
lirard, and the still less dear mention of '"the queen^ likely to dic^" 
point to a fuller narrative. As against this the change in some 
proper nouns is oi no significance, since ft is a constant factor in the 
repetition of stories. One verse of the final summaryr, a sort of 
versus memorialis of the main points of the stor>% is repealed 
almost verbatim at the end of the %'ctalapaiicavincati version^ to wit: 

vipre praharake nrpo nijagajasyange Vi<;ad vidyaya, 
vipro bliupovapur vi^esa'^® nrpatih kridacuko 'bhut talah. 

Uhle^s prose version, edited and translated exceliently from a 
single manuscript in ZDMG. XXIiL 44jfF.p is again, a drier hand- 
ling of some such version as that of the Pari;\'anatha, The events 
of the t%vo stories are alike step by step, but they are narrated 
here succinctly and with avoidance of all rhetoric. Though the 
Parevanitha introduces episodes* secondary moralizing, and much 
ornamentatjon, it represents a closer approach to the prime fonn 
than Uhle's version which, again. Is not vcr>‘ much more than 
a table of contents. Inasmuch as Uhle^s version is reffteted step 
by step that of Piir^vanatha it need not be suinmarized< especially 
a$ the publiGation is readily accessible. In one or two points 
Uhle's version is readily improved in the light of Par5;vanatha*s. 
Thus the passage, p* 446; 1. 15, avatneva osimi data^ya, which UWe 
very^ doubtingly renders, “Give him only the lowest (Science)!"^ 
must mean, Give him (namely the Brahman) the (Science) first 1 
In the immediate sequel the Scicrice is, in fact, bestow'cd upon the 
Brahman first: tada Tcvaretia ^r^^inaopiitya r&jtic ca parakay^-praveca- 
vidya datta; cf. Parevanatha 3. 140. 141. Read in Ulile^s text 

t-hle's manuscript ha* die word in this form: he makes out of it and 
die next word the cninpoiind vice^i-nrf^alih. McriLtoBga’i viprei bhDpavapur 
viveca is the true rcadinjrr 
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prathamliva for avanieva.—Read in Ulilc^s ttxl^ p, 44S, I* 10, with 
the manuscriptp ayam mamopari eaiisyatip "^he W'lll hang down on 
the top of me; '* in Par^anatlia 3. 1S3, ihe same idea expressed, 
ma miuniistu tndarohe pipasyopari ctiUkap '^he shall not mount 
as a tuft upon wretched me!”—Oh p. 44K, U 4, read ntanavati 
for *n:iaTia\^ti, This contrasts the word with ainaiiavatinam in hi: 
All the women of the scragHo are wnihoui pride, hence consort with 
the king; Queen Surasundari alone is rnimvatf '^self-respecting** 
{cf. patiiiTata in L 18).—On p. 450* I, iS the word ttirnmayam is 
brachylogy for mnimayani iva: the false kingp seeing the distress 
of Surasundari, realises that he can never really enjoy liis royaltj^; 
his royal body^ therefore, seems to him no better tlian clay. Note 
the phrase niskamalaih rajyam in the pitrallcl passage p Parevanatha 
3. 300.” 

The most important version of the Mkrama story, as indeed of 
all stories that deal with our theme as a wbole^ is that told in 
ParQvanatJia Caritra (3. 105-334), edited by Shravak Pandit Har- 
govindas and Shravak Pandit Bechardas (cravakapandita'hara- 
govindadasa-becaradasabhyafb saThcodhftam). Benares, ” Vfrasam- 
vat,'" 234S (A. D. 1913.) 

The ParcA-anatha's account of Vikrama's ad%*entures as a parrot 
is one of the best specimens of cloka-fiction, ft is in tnodem Kavya 
stjde and a worlliyp if not the best link of the Vikrama epopee. It 
does not seetn to have belonged to the ** Vikrania-Carita ” (Sifi- 
hasana)* as it does not occur in any recension of that work. The 
Persian version which we know from Lescallter*s ** Le Trone En¬ 
chanted* (above) < may be a loan from the Vtkrama tradition at 
large. The Storys h likely to hav^e been very popular among the 
Jains: one wonders whether it occurs in the Trisasti^jalakfipuru^a 
Carita. I shouldp in any case, hardly think that it is original here.^^ 

Uhtc ptintri several times ih^rafrDjJpnivcca for paoiA^iiiytfpraveca* lollop¬ 
ing, I presuTTie, hla majiuieript. 

^^The blatant PrSkritism Sanskrit Ijack-fnririatLDn ^roIn 

vijjliij^li, "heentne exdnEuishtd," in 3- 297, is hardly suiliritm to ^ugg^sx a 
Prakrit driRinaL The Psrcv'anaiha familiarly employs fomis of this verb: t. 

3. 297, 361, f;93: 6. 609, Ssfi. 13:22: S. 243t 2 ^ 3 - See Johanss^en, IF, IIL 
x>0, note: Zacbariac. K 2 . XXXTIL In S, 243. correct vidbya^'apad to 

vidliyipayati 
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In Par^vanatha it is, rather curiously, not made to illustrate audarya. 
the standard moral quality of Vikrama, but rather his vinaya, or 
tactful conduct, whidi furnishes part of the test of a very long 
preachment (with excellent storiesJ in behalf of the four worldly ” 
virtues (Liuktka gunah): vinaya* “tact;" viveka, ‘Mtserctfon; 
susaniga, keeping good company;and susattvata^ ** noble endur¬ 
ance/' from 2- 97 to the end of the chapter. 

The following is a translation in full of this version of 

VI Kama's Ad^stu^^es in the Body of a Pari^ot. 

Fi^rEJiwij ^nd His Quei^n Kamaliit^n (lO^-JoS). 

Tliere is in India, tn the land of Av'^anti^ a city named Avantk 
resplendent with men and jewels gathered there from sundry strange 
lands. In that city there governed VIkraim, a ruler of the earth, 
of noble form, and he, though his owm jHjvver was unrivaled (ad- 
v^tavikraina)/* kept extoling the accomplishments of Visnu (Trivi- 
krama). That king, though lavish with his wenlth^ w'as free from 
haughtiness; though endowed with might, was tolerant ; andi though 
he himself was instrumentaJ in exalting noble men, yet he was 
sincerely modest before them that deserved honor,^“ His was a 
beloved Queetj, Kamalavatl^^ by name, fashioned, as it were, by a 
skilful poet. She had many noble qualities^ strength (of char¬ 
acter), graciousness^ sw^eetness, loveliness, and more. 

F^i^rrujMa Extirts the GloHes of His Kingdom^ and is Acchimed frv 
u Visitor (jo§h/i8). 

One day that monarch, beholding his court that ^ivas Hke the 
palace of Indra, rejoiced exceedingly and asked those who were 

Vinaya, together with viveka, i^iicrc C. Qliibhadra Canta r. 2i. A 
person having stieh virtue# \$ called mahapuni^aH according to a pair pf ^Igkas 
Cited in a foot-^iatc to the teat, i si udarap tatUnvit ^anvosathpaitnab 
5Tjki^"iCaya!i, sarvasattvahftah satj'acaE vfcadasndfmnati, vic\'opal;ari saihpur- 
nacintlranis^drAvrKabhiuh. vinTtatmli viveki sa mabipuru^ah smrtah, 

■^Advaita, ‘'unrivaled,' h punnlngly the name nf Vls^u, The second 
meatiitij? is: “And he, havinjr power to ncverlhetess kepi prais¬ 

ing Visnu.'" The passai^e pans also thrice on the name ol \'Lkraina. 

Note the play upon aunnatyam and vlnatafi- 
Like a lotus.^ 
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present in Ids hall of audiences tell me! Is there anywhere 

any accompli shment^ science^ wealth, or intelligence so marvelous 
as not to be found in my kbgdoni? "*= 

Then a certain visitor, skilled in polite accomplishments^ his face 
blossoming out with joy, saw his opportunityp and declaimed aloud: 

Long have 1 roamed the treastire-Laden earth, but I have not 
beheld a union of the rivers of glory and knowledge like unto thee. 
In Patala (Hades) rules Yasuki,** O king; in heaven Cakra (Indra), 
Both these, invisible as they are^ are realized by the mind through 
thy majestyv O Ruler of the Earth! Wise men say, O Lord, that 
heaven is the goal of noble men* But even there is but one moon; 
In thy kingdom they are counted by the thousand !” No wealth is 
that wealth, worthless is that accomplishment,^^ ignorance is that 
understanding which does not inhere in thee! Fragrant with the 
fulness of thy worth, controlling by thy might the surface of the 
earth/* thou doesl now stand at the head of kings, as does the sylla¬ 
ble om at the head of the syllables. Thou art wise with the mind 
of Vacaspati/^ ai thy behest the people enjoy life; gladly to thee 
bow the chief rulers of the drcles of the earth. The warriors of 
thy enemies cannot etidure thy scent any more than that of an 
elephant in rut. This thy host of dear wives is lovely with their 
bodies bent with the burden of die God of Love.'^^** 

’»=For this son of boastful Inquiry cf.i c. g., Jacobi. ''Atugewahlte 
Hrxahlunjsrcn aii5 ■ dem LcuitiSjiei^ Die 

Erzitilun^en,** IL, 8 l J (p. 15)^ 

*=■ Tilt beautiful kiitfif of the serpents- 

**The pun of the original cannot be reproduced periectly: kali van, 
''moon/' litemtiy ** having phases/ means also "having accompUshirientJ; 
the implied pbnl kalavanr;^ means “having accompltslimerits/ and at the 
same time purtnlngly Sauskril pisetn rarely ucgicct the opportunity 

of this double entente; Me, c. KatiiM. J+ 163: 35. 114; the present te-%t 
373 h Qlibbadra Caiila, l. loo- 

« Sanskrit pm: lai^kali. III. ^withoat aecomplisliment " (kali). 

« Sanskrit pun: vikr^ikraiuabhritalah. “with Vikrama astride Over the 

surface of the earth." 

■*'^The Lord of Speech or Wisdom. 

I stispecl that aniiEgabhnTii. **earTyiiag the God of Love," is a keoning 
for ^^breasbs/ to with their bodies bent by the weight of their breMts." 
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Th^ Visitor Points Out Vi&rauta's Single Shortcoming, Namely, 
Lack of the “Art of Etitering AtiolhcVs Bodv," and 
Vikratna Starts Out to Obtain It 

'■ 'iou have here, ray lord, that which exceeds magic," tvtmdctfu! 
in its mystery. Only one art, namely the 'Ait of entering another’s 
body,' is not found here," The king eagerly said: "Where is this 
found? tell me qukkiyf" And he replied: "On the tiiountain of 
Cri, your Majesty, in the keep of a man, Stddheevara/'*® The king 
dismissed the assembly, put his mintstcr in charge of the affairs o4 
the kingdom, and. eager to obtain this science, went out from the 
city by night. Putting aside sudi pleasures of royalty as were his; 
not ricking the hardships of the road; thirsting after new expert* 
dice; courage his sole coinpanioi!, he went rcjoidug. For low men 
strive for gratification of the body ; average persons for increase of 

wealth. Superior men. on the other hand, strive for some wonder- 
fill 

And he thus sleadily proceeded on his ^vay, as if drawn by 
the reins of his persevering spirit, the mountain of CrI soon hove in 


Vikrama Finds the Master of the Art, Obtains His Favor, and 
Meets a Rk^al ( 

There, m a certain place, the king perceived the Master qf 
magic j of tranquil counter an ee, SiddheQvara by name, Joyfullv he 
made ohcisancc. and then spake: "Through the mere sight of thy 
person I have attained my purpose, O Lord of Sages I The moon 
unasked is sure without stint to delight the world. Therefore I 
shall worship thy two lotus feet, union with which was difficult to 

obtain. Permit itl" And when he was not forbidden he did as 
he had said. 

Now a certain Brahman had been on the spot a long time ahead 


’^Thf rather indraiSIiL 

Lord of 

different turn: tundasya tikarane niess 

“■« «hi. 

In the ilsird read perhaps ta^yq for ^asya. 
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of him in order lo acquire the Science, but the ver^' devotion he 
showed became a pLignc because of his constant importunity. A5 
seed sown in a clear field comes up quite by itself, also other 

good deeds prosper; covetousness alone results in misery* The 
Master was delighted with the king's pleasing and disinterested** 
sert-kes. such as preparing his couch, or washing his feet. Even 
stone idols, to whom devotion is paid with intent tnind, straightway 
show dclighu** How much more so do sentient beings! So the 
Master said: 'VNobk Sir I From your tactful conduct I know you 
to be iome omament of men, tntcrested in foreign lands. I am 
delighted with vour good breeding, so accept from me the 'Art of 
entering another's body/ in order that I may feel that I have dis¬ 
charged my debt for your devotion.*" 

yikrama Indiic^s the aster Agautsi the Lasers JncUnatioH to 
Bestow the Art npon the Brahman, after Tiwt Receives 
it Himself {i^f-J44), 

Upon hearing this Vikrama, indifferent to his avm interests, per¬ 
ceiving the disappointment of the Brahman who liad come long 
before him* reflected with rising compassion: How can ] go away^ 
carrying with me the Art, as long as this Brahman Guru who has 
been here a long time is, poor man, without hope? Hence I will 
make the teacher bestow the Art on him.” .Ynd he said: Reverend 
Sir, show me thy favor by bestow^ing the Art ujXJn him who lias 
long served thee zealously."' Sadly' the Gum replied: ”Do not give 
a -^serpent milk to drink. He is unworthy, and with an unworthy 
person the art works great mischief* Think how, once upon a 
time, a Master of magic* seeing the bones of a Hon, made the body 
of the lion whole and undertook to give him life; how*, warned by 
his people, he nevertheless in his madness gave him life; then the lion 
slew' him."'** In spite of this reminder the king, intent upon an¬ 
other's interest, fervently embraced the Master^s feet, and prevailed 
upon him to bestow the art upon thru Brahmau. Out of respect for 

“ Read tatlia for yatlti. 

** Yrnicaranitaib. liieraEIy “ free from iinjKjrtuniliesu** 

Thes in 7. a £tcile idol of a when ^ves sweet¬ 

meat IP a hungry boy. 

**Thia referii to a famtlbr fabie: see Ileiafr5% Fdncatantra, I. 48®; 11 , 3J2. 
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ihe command of the master the king him3«lf also accept«d the art, 
and the Magician expounded to him pbinly the rules for its ap* 
plication. 

The Brahman, though he had not been dismissed by the Master, 
was yixious to depart. Not so the king, even though he was given 
permission, because he was burdened with his affection for the 
Master. For noble men. after they have been laden with a pack*' 
of accomplishments, do not turn their backs upon their benefactor, 
like peacocks upon a pool. But the blaster dismissed the king! 
reluctant though he was. saying: “You have your affairs to regard, 
whereas I must devote myself to pondering on the Law (dharma)," 

Ukrania and the Brghmaa lietum Together to Aifantl {i4y-I4p). 

The king, having prepared himself for the execution of the 
ilagic .\rt, and having taught the Brahman to do the same, arrived, 
perfect in the art, at his own city, accompanied by the Brahman. 
Out of friendly feeling he told the Brahman his own history: the 
ocean, though deep, because it is clear, displays its jewels. He 
passed the day in hiding, but at night, leaving the Brahman outside, 
he entered the city alone, in order to observe the state of his king¬ 
dom. Delightedly he noted that the people of the city everywhere 
were engaged in their usual pleasing occupations, such as celebrating 
m the temples of the gods, with song, festival, and drama, and if 
anyone happened to be worried by evil omens, such as sneezing** or 
stumbling, he propitiated the omen bv exclaiming, “Long live 
Vikrania I ” 


Vikra3»o Enters the Body of the State Elephant that Has Just Died, 
and Ihe Brahiitan Basely Usurps His Bodv and 
Kingdom (r^o-i6o). 

Then the king observed that the people within the palace were 
upset because the state elephant had died. He returned to where 


It IS not possible to reproduce the daublr of katqpa which 

means both ■■^bundle” ainj “peacock's tail"; noble men do not turn the'knowl¬ 
edge which has been given them $0 » to show it » a tail to thdr benefactor; 
peacocki do turn their tails low'ard* the pool which has refreshed them. It 
lA rneconcaj vAkrokti. 


aspects the sneeze ^ an omen see Henry C Warren's 
pp. XX, XXII, and 75. 
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the Brahittati was, and said to him! "Friend, look here^ I have a 
mind to disport myself by means of my Art: I shall enter into the 
elephant so a$ to see something of what is going on within the 
palace. Do you here act a$ gnardian beside my body^ so that* with 
your hdpi 1 shall dearly recognize it/^ Thus he spoke, there left 
his own hodVp and entered into the carcass of the elephant. Then 
the prince of dephants as formerly disported liimsetf blithely. Not 
only tvas his own elephant thus revived by the king, hut ako the 
entire royal court which had collapsed at its death was given life 
anew, ilany jubilant festivals were set afoot for the prince of 
elephants, and these performances gave pleasure to the king even 
though he was occupying a strange body. 

Then that base-souled man who had he™ set to watch the king^s 
body, violator of faith, betrayer of friend, reflected: **Of what use 
to me is my own wretched body, plagued bv^ racking poverty: I will 
enter Vikramak body and serenely rule the kingdom!Thus he 
did. The false king entered the palace quivering like an animal 
of the forest, beenuse he did not know where to go. Holding on to 
the arm of the minister who met him in a flurry^ he sat down on 
the throne in the assembly ball: the king's retinue bowed before 
him. The assembled multitude cried: *^Fatc has restored to life the 
king of elephants, and the king of men has Tetumed again. This is 
indeed sugar falliog into 

Tht False King^s Bahaziar find First EnroiiHf^f nitk the 
Queen (rdr-r/jr). 

But the false king did nothing for those who craved his custom¬ 
ary conversation and favorSp because he did not knosv their names. 
businesSp or other circumstances. The Queenk favorites came on 
rejoicingp but they did not find hinip conditioned as he was, in the 
mood for sportp dalliance, or coquetry. The minister who had 
conserv ed the mighty kingdom obtained no audience; neither did the 
chief vassalsp nor yet the citizens receive their meed of honor* 
When thej^ saw the king in this condition they w'ondcred^ " Has 
some god or deniDii in the guise of the king taken possession of 

same figure of speecK in Par^r^anatba 

6 . 13451 . 
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the vacant throne? Yet this docs not taUy, because his feet touch 
the ground and his eyes wink.**' The king^s mind must be wander¬ 
ing for some reason."' The minister then concluded that, if the 
king's mind, inflamed by separation, \s*as lo be assuaged, that task 
could only be accomplished by the nectar of Kamala^s speech^ and 
ordered a female attendant to conduct him thence. The false king 
then reflected: “Ah, what pleasant lot is mine^ that has brought me 
to this station, hard to attain even in imagination 1 *" 

The Queen arossxj in confusion, and along with other ministra¬ 
tions, prepared for him the throne. But when she looked at the 
king again she fell to the ground as if in a faint. Her attendants 
raised her and asked I “"What docs this mean, your Majesty% tell 
ns?" And the king also said: "How is U, your Majesty, that you 
are struck in a faint at my arrival?^' On hearing his voice she was 
greatly pained and thought: '"He looks like my beloved, yet afflicts 
me as an enemy I" .Artfully she answered: Your Majesty! At 
the time when you started upon your journey 1 uttered a fond prayer 
to Cand! for your happy return: "O Goddess, only after paying 
honor to thee, shall 1 look with my eye upon my beloved!" Now, 
having failed to do so before seeing you, Cand! idled me to the 
ground. Therefore I ^hall let you know' myself, O king, the time 
suitable for paying devotion to the goddess."^ Then the king, thus 
answered by the queen, went out of the palace. 

FijferffJMa ni the Body of the Elef^hant Escaf^es from 

( 1:^4-187)- 

Al this time the Minister was adorning the slate elephant“’ (or 
the royal entr>%^“ so that the people should sec their sovereign at 
length returned. .Mso, that llie king, seeing his city lull of jubilant 
citizens, should become himself agaiui and commune with all as of 
old. Now the menials who were painting the ornamental marks on 

Similar personal cliaracleriEtica of the g&d arc frcciuently alluiJed to: 
ibcy belong lo the rcipjlar ^‘ppamlus of fiction- Sec Sr Katbsii- 

56, also Katbas. 31: 33^ 17^ See Tawnt\'*s " T ransJatioit of Kalhasa- 
ritsajjara,'^ Val. 1, p- note. 

Now inhabited by Vikrama. 

So wc must translate word is not quoted in the 

Lgh Icons. 
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the elephant kept saying one to the other; “Too had. oiir Lord has 
become as one distracted by his Journey to a strange land 1 Then 


that prince of the elephants, hearing this, reflected in great perturba’ 
tion: "Alas! What is this, woe me I The Brahman is certainly 
disporting himself as king in my body. Because, though warned 
by the Master, I yet induced him to bestow the Art upon this vilest 
of Brahmajis, therefore this consummation has speedily come about. 
Because 1 forgot the precept taught me from childhood on. not to 
be too confiding, I nevertheless reposed trust in this man. therefore 
some trick of fate has surely taken place. Tlie lowly may he raised 
up by fate; the lofty may be made insignificant—this very experi¬ 
ence has brought him fortune, and robbed me of the same. All 
possessions on earth, elephants, dependents and the like, follow the 
body: since my body is gone all that is mine has come to belong to 
another. Just as eye-witnesses observe in this world even so it 
goes with a man in die next world. Therefore wise men arrange 
for good deeds to go with them as their true companion karma. In 
any case I shall now watch for an opportunity to make my escape: 
he shall not mount as a tuft upon wretched meV* 

Having arrived at this decision the elcpliant raised up his ears, 
curved his trunk, and began to run swiftly, so that a great tumult 
arose. He was pursued by foot-soldiers, horsemen, and others by 
the thousand, hut, as he ran more and more swiftly, they gave up 
the chase iu disgust. Tired out he reached a distant forest and 
reflected dejectedly: “ Compare now my former state of royal rule 
by a mere contraction of my eyebrow with this flight of mine! How¬ 
ever, this plight is not a bit loo sore for a fool who has taken up 
with a rogue r' Engaged in such reflections the king was assailed 
by the pangs of hunger, thirst, and the ocean of his regrets. 


Meets a Parrot-hittitcr, Enters the Body of a Dead Parrot, 
attd Inditees the Huitter to Eake Huh lo /ivann to Br 
Sold as a Parrot of Price 

He reached the shade of a banyan-tree, which appeared to him 
like an only friend, and, when in time he had become composed, he 
saw a man standing there among the trunks of the banyan tree, 
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engaged in killing parrots with a sling-shot “ The king, worried by 
his great bodv* hard to sate and unwiddy, considered: **What use 
is this body to me? Surely scope of action is more adip’aiitageous 
to success 1 Therefore I shall enter into Lhe body of a parrot 1 ^* 
And thus he did. 

Then the parrot said to the hunter: " Friend, what do you want 
to be killing so many parrots for? Take me to Avanti, and you 
surely will get a thousand tanka-coins for me; you must, however, 
give me assurance of personal safety/^ The hunter on hearing this 
gladly promised the parrot security and then look him in his hand. 
Neset he fed him on meal” and water, put him at his ease^ and 
then went to Avanti, where he took stand on the king^s highw^ay, 
\^'hen the people asked the parfot''s price, the hunter said it was a 
thousand; he recites whatever Castras people ask for. Then they 
offered even more than the price asked, but the hunter, at the 
bidding of the parrot, refused to accept. Finally he demanded an 
exorbitanl price. 

Quern KanEflfni'dUT Sny^^ the Parrot, E*tg<fg0s Him in BnUiani Coh- 
r'rrjflfiau, and Makej Dispositions for His Co^rtfort 

(fpd-JOp). 

At this juncture some attendant maids belonging to Queen 
Kamalavati arrived- The parrot who knew^ w'dl their dispositions, 
w^hen accosted by one of them, recited In ^ sw^oct voice: '"Pierced 
by the arrow' of thine eyes, O graceful lady, one deems one*s self 
happy and lives: iiot pierced one dies: here Is a marvelous Science 
of Archen’ 1 hfow do thou in turn recite somethings that 1 may 
repeat it after thee in the manner of a pupiL*^ But she retorted: 
“ Thou art thyself a veritable Guru. Of whom shouldst thou be. 
the pupil? ** 

Then the maid^ delighted, went and reported to the Queen : '*0 
Mistress! never before have I seen or heard a parrot SO highly 
cultivated/" The queenj enehanted by her report^ concluded that 
Fate had furnished the parrot as a means by which she mighl divert 

Dhanurgdliki: the word recurs Ln die same lext, t. jiy, ui l!ie forni 
dhanurgiitikL This coiapound is not in the Lexicons. 

** CunjI for corria;^ 50 also this text, t- aSd; 7+ 351+ 
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herself with the art of poetry. Eagerly she addressed her: 
** Woman, go with speedy feel^ pay the man his price, and bring 
hither the parrot prince 1 " Thus the servant' did^ and the hunter, 
contentedp went to his home. She put the parrot Into the lotus of 
her hand, and brought him into tlic presence of the queen. 

When he saw Kamalavati joyfully coming to meet him the 
parrot extended his right wing, and chanted sweetly: "*0 Queen, 
in order to uphold thy weighty as thou reslcst on his left arm^ 
Vikrama holds the earth a counter-balance on his right 
The queen replied smiling: 'O parrot 1 what you say amounts to 
this, tliat one cannot, unless he rules the earth, drag the load of 
a woman. V'^ery pointedly have you stated that we impose a great 
burden: what wise person would not be pleased with a statement of 
the truth?” When she had thus out of modesty deprecated the 
parrot's flattery in description of herself, she pul him in a golden 
cage furnished with agreeable resting places. She herself kept his 
abode sweet by washing and fumigating, and fed him on choice rose- 
apples, pomegranate seeds, and myrobalans. And wdiatever other 
things he desired to eat or drink she brought to him, and she con¬ 
stantly regaled herself with the nectar flow of his conversation. 

KaindUvatJ and the Pdrrol Effgagc iu a C&KicJt of Riddles end 
Charades (_^/o-*?^). 

J* A Charade nw the Mystic Fannuh Oiu ufljwd/i siddkam utta- 
rdiPi.^—The queen bid him recite some riddles^ and w'ithout further 
ado the parrot, for mental diversion, recited: "On what do ascetics 
in contemplation ponder^ and what is ever performed for a Teacher? 
\\"hat manner of thing do lofty men obtaint and w^hat do pupils first 
recite?” 

When the queen, thus asked^ puzalcd long, and did not knowt 
the parrot gave the answer:—om namah siddham uttarani.” 

Riddie 0n the Rounding of the Lips in Pronouficing Labtais . — 

“*^1111 right wing symbolii-es Yikramit's right armt in the following pa-ssi^c, 
It IS a cammon conceit that the king beara tlie hurdeji of the earth; r. a., 
Prahandhacint^niaiii (Tawtiey^s TranstatiDti), p. loy. 

The formula is, of course, treated analytically : in the fourth question 
the adjective uttaram which in the formuU ftuiilitle^ siddhacn i4 taken as i 
tipiin in the sense of '*answer." The other three are: ti) The ‘acred $>!ta¬ 
ble cm; <a) namah, ubeisance"; (j) mystic perlection. 
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The parrot ncxl propounded the following riddle: "It does not 
inhere (lag) in nilgai and narihga; on the other hand it does inhere 
in nimba and tumba.^^ W hen one ^ys, inhere ^ (l^iga) it docs not 
inhere; when one says, * do not, do not inhere' (tna ma, sc. bga) 
it inheres mightily.^" WTiat then \$ the answer?** When the queen 
had thus been questioned hy the parrot, she refiected a montent and 
said: Ah, 1 know; it is the rounding of the Ups (in the pronuncia¬ 
tion of labials).*' 

3 ^ Riddle of the Pmnter^s Brush. —" By it** serpents are rendered 
poiscniess, gods are bereft of might* lions arc rendered motionless: 
yet children carry it in their hand—what is it?" asked the queen. 
The parrot at once knew and answered: Hear* your Majesty^ I 
know it:—A painter^s brush." 

4. Riddle of the Fly and the Spider^ —*' A hero that slay's elC’ 
phants/^ mounts lions^ plagues soldiers, him^ your Majesty, I have 
beheld bound in the house of a weaver/'^^ When she had heard 
this riddle, propounded by the parrot, she guessed and laughingly 
exclaimed: ** 1 have it, this hero is plainly the fly!" 

5. A giidhaeaturthaka, or Trifk of Supplying the fourth Verse 

of a A host of serpents to look like lotus-roots; black 

It h quite to reprcHiuce the ingenlom Trickery of thSi 

ffleni : na lasted naga-n^ringc hai two tliatinct valuer: die first as above: the 
wcond tneajiiTig is the sound na inheres in and nsriiiga.'” W^ien talteu 
in that senae tlic Hreond pida breomci yet more tricky: " ^^3,10 it inheres iu 
ftimba and which is preeisety the reverse ct ihc truth. hceaiLsc na doss 

not Ichcrc in dieic two words. That is part of the caich; the labtali mb ia 
what Inheres in the two words. 

The rounding; of tlie tips in prououncbg m in the word mi 

The text reads ji"iith 5 ,*wh:ch miiit be corrected to yayi. 

Atbding perhapa 10 the iamihar fahle in which a fly helps lEay an clo^ 
phant, BciiEe>% Pancatantra I. 241; ll. 53. 

T^Text. kolika|jrlic = klulitagrha. Cl kolikagardabha In Divyavadina, 
i2_ The weaver here is, of course, the spider. 

test rrints this and the next clsarade as follows: 
mmal^liaTu ahivyLtham aftjauam k^Trasannihhajn | 
nabtuh karpiirasamkicim rsjilya gndhacalurthake ||2ig|| 

It! Cukah prSiha karoti yas;asi mabSti | 

'pi yilJ vi^am apy auirtaj^tc ]] 220 1| 

["tnitrant catmvo 'p 3 s>-iih ” ill cuhena (^u^acaturthake pf|*e rljflt 
catunhapadaiii pr^a—anukule vidh^u *'J 
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collyriiun to resemble a cloud to look like camphor ”—when 

the parrot was asked by the queen lo supply the mis5]ng fourth 
verse^ he answered—** a great man through hh mBuence contrives 
to niake/^ 

6. Another {/Mhacaturthaka .—Even sin assumes the nature of 
virtue; even poison acts as nectar; even enemies may become 
friends —when the parrot thus a.^ed the queen to supply the 
missing fourth verse she answerd—“when destiny is favorable to 

y. Riddle on tkr Irtter d.—‘"Even a b^^gar (krpana) is fit to be 
honored by a king (by lengiheniug the interior n of krpana to d so 
as to make it krpana^ * sword*); even the noble (udara) is beset 
with greed (by shortening the d of udata to n, so as to make it 
udara, "belly"); by whose presence or absence even he who is ad¬ 
dressed by name (^hyata) is not known (akhyata).'"’ When the 
parrot uras thus guesttoned he answered:—"'The letter a (^rah).” 

8. Riddle on the Syiiohle dhi^k)^ or dhikkartt. Treated os dki~ 
kkdra ^—Wuth (the prefixed syllable) a it expresses sorrow (adhi) : 

It ^ould be jiriuted ; 

ttint^l^bham ahlvyiiliani anjanani k^iT^sSJinthJiain | 
oabhah karfiuni54uhk^am—r^jfiya giidhaejinirtbake 
iti Eir${c cukah prsha—'karoti fnahan ]| 2 ig |[ 

'p B^natitn yid vi^am apy amrtayatc! J 
mitral gatravo ^pi 

Jti cukeiaa gCdh^turthake rf-jlii c^ltirthijiaiiaiii priba— 

anukble vidhay nmam j[2ao|| 

For thii kind of entenaiiiEnciit &m Zschariac in “Gurupyjakanmiidr,^ 
PP. jS if. 

Bbhtlmgk's "Indiscbc SpruchcH" 75^®; nalijanam ^uklattch yatip 
acid cf. ibtd., 21,^ 

'*^''VVTien deitiny h favdrahte to mcti ** = anukiilc vldh.iu firnam. The 
Sentiment of this ispcEcb it expre^aed from the opposite point of view in 
F^revanHtha, a, 792^3 ; 

pratikule vidhaii kimvl sudhSpi hi vi^ayatcp 
raijub sarpft^havpd akhubllarti palibtain %'rajct 
tamliyale prak^^o ^pi ga^padam 
satyarii kut^>^ce mitraih ^atrLitvena nivartatc. 

"WTum fate \i adverse necUr tunis tg poison^ a rope tami serpent, a 
tnolo-hok leads to infemo. Light turns darktttM, a pudille In die footstep 
of a TO1V turns ocean; iruth becomes guile, and friendship vanishes in hos¬ 
tility.'^ Cf. Bobttingk^ '' Indtsche Spruche,” nr, 42:^ 
raoc, AutK tHTt. sexLp son. LVl^ Cp WAV air 19-17. 
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with (the prefixed s> liable) vi it is pondered by pious men (vidhi, 

* religion'): with (the prefixed ^liable) niit is desired by people 
(nidhi, 'treasure*); by itself it makes no sense (dhi, which is no 
word)/*^*^ When the queen was thus asked by the parrot she an¬ 
swered:—“The syllabic dhik (dhikkarah)/^* 

p. Riddle an ihe Syliabh nc -—“ That which is at the beginning 
of night (first syllabic ol naktaun, ‘night"), at the end of day (last 
syllabic of dina, ‘day")^ and different from evening:^ though it is 
in the interior of the mind (manasa, uhich has the syllable na in the 
middle) it is somehow not^® perceived/" When the parrot had 
been thus questioned by the queen he answered:—"The syllable na 
(nakamh).” 

JO. Riddle an the Cam pound '* a CoH^btHO- 

tion of Effort and Rhetoric '"—The next needs to be before the eye, 
to wit: 

lak smT-kheda-nisedhartha-brahma-cakringa-^anmnam, 
kc (;abdah vaenkah kltantaih bruhi kiih nantath ichasi, 

^thinam ka sada citte^' ka dagdha kapina purap 
iksuyasteh kim ichanti kim ca hansasya sundaram. 
sukavTnfim vacah kidrg gukena visame krtc, 
id pracne yada rajni navadad mudhamanasa. 
ckadvisar^avarnanam paripatikramcna sah. 
guka evottaram cakre ihilamkarasamgatatn. 

The trick of this riddle is (i) To divide Ihaiarnkaiasamgatam 
into single syllables each of which furnishes a word, disregarding 
vocalic lusion; (2) to divide it into pairs of syllables, each pair 
being a word: (3) to allude to the word as a whole; (i) "'Wliat 

The last tu nirarthakab^ seeini to hold a secatiil 

mcaniuFT. to wit; "by itsclr it has an unmeanisg letter ka." 

Menatunga’s Pi^aiul]Tacint 5 mani+ p. has a siinltar charade, in 
which the pre^Kisition^ 5 , vi, and sam are jirefijced to the worii hinL 

^“The trkfc liere ap^jcars to be as Eoltows: ptadolo, "cvcriing,” does nor 
contain ibc syllable na; therefore it is different frorn nx. Vet evening should 
he at the beginning oE night and end oi day. Hence the catchy "That which - 
is at (Jjc beginning ol ntght, the end of day^ and j-et u>mcthlng else than 
evening " 

Again a catch: lak^yatc na katbanicana^ wltlj second meaningp " 11a is 
somehow perceived,” 

^^“Text* errancousSyp cile. 


^ ENTERING ANOTHErS BODY. 


35 


words express the goddess LaksmI (i) } distress (ha); forbidding 
(alam ); Brahma (ka) ; part of a v.-agon (ara^ “ spoke'); protection 
(sam); next tell the letter which follows the letter kha (in the 
kavarga of the Hindu alphabet, namely ga) ; do you wish also the 
letter tvhidt follows the letter na (in the ta-varga of the Hindu 
alphabet, namely ta). All ilus makes up the theme ! + ha alam -h 
ka + + sam + ga + tam^= ihajariikarasamgatarn.^^ (2) What 

is ever in the mind of those who desire?{Answ^er: iha effort") ; 
what city was burned by the monkey? (Answers Lanka, in Ceylon) ; 
what do people desire of sugarKrane? (Atisw'er: rasam *juke'); 
and what is beautiful in the hahsa-bird? (x^asw'er: gatam. ‘’its 
gait Thts again makes up the theme: ilia + butika -j-rasaiti + 

gatam. (3) " What sort of a word of skilled poets is this?” Thus 
the parrot had put this tangled riddle^ and when the Queen, her 
mind bewildered, did not answer^ the parrot with successive arrange- 
ment of the word into single syllables, t%vo syllables, and all its 
syllables gave the answer: Ihalamkarasaihgatam (”a compound of 
effort and rhetoric'*)- 

Salutary ffw/riictxoji (Hitopad^c^) by the Farr&t {2^8—2yj). 

Then the queen asked the parrot: “Recite some wrell-spoken 
w'ords devoted to salutary instruction 1'^ The parrot, thus requested 
by the queen, then replied: “Listen! A deed that is done after care¬ 
ful ddiberationi speech that i$ well-weighed- passions completely 
under control never work mischief. Thought charged with recti¬ 
tude; speech adorned vvith s^veetness; and a body inditied w'iih 
courtesy do not belong to ignoble men^ Wrath of noble men en¬ 
dures but one moment; their vow for as long a$ it is set. But their 
responsibilities in the world last ns long as life itself. Self-praise 
and abuse of others; envy of the good qualities of noble men; and 
inconsequent chatter drag one down low. Speech without malice 
to%vard& others; serene dignity of countenance s and a mind discreet 
about what il bas heard, these qualities lead a man aloft.” 

“The g&it pf die haiisa is couiitlercd beiadfuL A graceful woman ia 
hansa^AminiH Mann, 3. 10^ In ?. 603 ^ 3 ^ prcictil lext five animais are 
td be cdnR-^ECtioui for their tp'aceftit hanaa, elephant^ bull^, kraunca-blrd. 
anrf eranCx C(. Ecjhtlingk, Indische Sprucht.'* 
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Discretion Illustrated by the Shniie of the Three Skulls 
(^34-238)^* 

“Thus a certain king of yore caused his wiifi tnen to make 
the test of three skulls** that had been brought by a stranger from 
another land* On that occasion a thread put into the Car of one 
of the skulls came out of its mouth: the price of that skull was a 
farthing (kaparda), because it would blab what it had heard> 
Again, a thread put into the car of the second skull came out at the 
other car: the price of that skull was a lakh, because it forgot what 
it had heard. But ibe thread inserted into the ear of the third skull 
went straight down the throat: that skull was priceless, because 
what it heard remained in its heart. Conforming with this, O 
Queen, who that has cars and hears reference to another's guilt 
docs not become discreet in mind ?" 

KatnalUvatl, the Parrot Protesting, Adopts Him as Her Husband 

{S 3 g~s 45 ). 

Kow" Kamala's soul was so delighted by this discourse of the 
parrot, that she made the following promise; " I shall certainly live 
and die together w’ith thee, O parrot!” But the wise parrot an¬ 
swered hen "Say not so, beloved wHEe of a king! Of w-bat ac¬ 
count am I, a wee animal, beside thee, beloved of Lord Vikrama? 
Moreover, O Queen, thy husband, out of love for thee wdll come 
and go; how canst thou avoid fond intercourse w'lth him?” Upon 
hearing this Kamalii, sighing deeply, exclaimed: *‘0 paragon of 
parrots, my eye tells me that my beloved has returned from abroad, 
but my mind says not. Disturbed by this, I shall devise some 
answer and dismiss the king. But you, as a hushnind, shall afford 
me delight, that do I here declarer' Then the king-parrot, filled 
with a great joy, reflected: '* The Art called Entering another's body 
has been of profit to me, for bew else could 1 have tested the heart 

"‘Cf. R, S, Mukbarji, Indian Folklore, p. 36: S. Devi, The Oriental Pearh, 
p. 11$; E. J. Rohinson, Tates and Poeins of South India, p. 3a& A mere allu> 
sioTi ta the test of the three skuits, lA'bkh is nat entirely cxin the atoiyp 
may be fotind m the Knttupreka^a; see Egu-eltrtg rti “ p. 

120 ff. ihc Prakrit verse quoted from the Vtkramai Caritti {126} hy 

Weher^. Ind. StiitL xv. 343 ^ 

Trikapal3parikthat>am ; not in the Lexitanj. 
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01 ihe queen? Moreover, judging from this show of feding other 
delights shall be mine. 1 

The P^rr&t at Kavialik^tYs Request Preaches the Lam 

The qucexi again addressed the parrot: “ I am vastly pleased 
with thy necUr-sprlnkling speech; do thou then teJl something oF the 
Essence of the I^aw.” Then the parrot said; "Listen. O Queen. 

I have heard from the mouth of the Master that it is meritorious to 
benefit others, sinful to oppress others. No moral ohligatiou com¬ 
pares with abstention from doing injury*, no vo^v with content. 
Nothing makes for purity as docs truth; no ornament is there the 
like of virtue. And it has been welJ said: Truth is purity; ascetic 
practice is purity; control of the senses b purity; pity of all living 
things is purity. Purification by water holds but the fifth place. 
To cast aw^ay filth of mind+ that is a bath indeed; to bestow security 
from injurv, that Is a gift indeed; to know irtitb^s essence, that is 
knowledge indeed; to extricate the mind from the senses^ that is 
eontcmplatioii indeed. Even the householder” who constantly eats 
food in faith may through purity of mind attain to the law; without 
itj even ascetic practice is tn vain. For it has been said ; The mind 
of man alone is the instrument of bondage or release;** in bondage 
it dings to the sensesj but in release it casts them away." 

Episode, lUtistraiiug the Superiority of SouLpurificaiwu o^er 
Meritorious Deeds 

" Thus on.ee upon a time a wise king heard that his brother, 
a Sage, bad arrived at a part outside of the city; then he went 
there followed by his retainers, 'riie king, adorned with the 
bloom of his !iair ibat bristled from joyous emotion.” paid his 
respects to the Sage, listened to the latv from his mouth, then 
returned to his palace. The chief queen, longing in turn to greet 
her brother-in-law. the SagC, took leave of the king in the even¬ 
ing, and made the following vow: * 1 must in the morning, sur- 

M In Jain religion the lay hpiiMlio]dcr ffrha-vftsifi. etc.) is 

distinguished from the professional ascetic The rcligiou:s ohti^tiens 

of the ft^rmer class are less stringent than those of the latter. 

Bondage in saihsira; rcleasf in nirrana. 

Horripilation with the Hbidys is a symptom of joy as well m of fear. 
Ill literature tl is alfno.st always connected with jay. 




BLOOilFIKLD—ON THE ART OF 


Tduiided by my retinuep salute Xhh Sag*, Sonm by and not 

take food before he has been feasted/ Kow On the road bcliveen 
the city and the park there was a riv^er. When she arrived there by 
ntght the river was flooded^ and flowed too deep for crossing^ At 
that the queen was peqilejced in her mind, and in the morning asked 
her husband how- then she miglit obtain her heart's desire. The 
king replied: 'Queen, let not such a thing worry you, because it is 
easily managed. Go cheerfully with your reltnue] On the hither 
bank of the river remember first to call upon the River Goddess, join 
your hands in stipplication, and with pure mind recite: Goddess 

River, if my husband has practised chastity since the day on which 
he paid his devotions to my brother-in-law* then promptly give me 
passage Upon hearing this the queen reflected in surpriise: 

' ^\Tiy now docs the king, fifth Protector of the W'orld* say such an 
absurd thing? Since the day of his devotion to his brother I have 
become pregnant by him with a son; that wifely state of mine he 
knows full well But w^hy be in doubt when the test is at hand* 
particularly since devoted wives should entertain no doubt about a 
husband's statement. Becati$e a good mfe that doubts the instruc¬ 
tion of her spouse, a soldier -that of his king, a pupil that of his 
teacher, a son that of his father break their vow/ Thus the queen 
reflecledp and went with her equipment and train to the bank of the 
river* w^here the face of the earth was crowded with the assembled 
people. There she called upon the River Goddess, paid honor to her 
with a pure mind, and openly made the tmth-declaration," as told 
her by her husband. At once the river banked its waters to the right 
and to the left, became shallow*i gave passage, and die queen crossed 
to the other side. 

She thought herself favored, and then paid proper respect to the 
Sage. And svhen she had received hSs blessing the Sage asked the 
devoted wife in what manner she had crossed the river. She told 
the whole story , and then asked the Lord of Sages how her husband*s 
inconceivable chastity was valid. He then said: *Hear Lady I 
When T took vow, from that lime on the king also, intcnity eager for 
holiness, became in his soul indifferent to earthly matters. But as 

•■The tieilidn that riven tti^v he luducctJ by prayer to flunirth paisage is 
a vi&ty Qld one Jii India; see Rig-Veda 3. 3,1, p; ^ ig. 6 . 

Sstya^r^vaiia = the Buddhist sajctakiriya; see above, p. ifi, note. 
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ther« was no one avdiable to bear the burden of royalty^ he kept per¬ 
forming his roj^l acts in deed but not m thought. Thus it hss been 
said: A woman devoted to another man fo!low*s her husband thus 
also an ascetic de%^oted to the truth follows the samsira.*^* There¬ 
fore, though he is in this wdse leading the life of a householder, the 
king's chastity b validp because hb mind is unspot/tedp even as a lotus 
that stands in the mudJ 

The queen then paid reverence to the Sage, and having attained 
to supreme joy went to some spot in the forest and pitched her camp. 
She had a rasavati-pudding** prepared for herself and train, ordered 
the Sage to be supplied with the same+ and thus fulfilling her vow, 
ate of it herself. She then w ent to bid adieu to the Sage, and asked 
him how now she Avas to recross the river. The Sage replied w^ith 
tranquil voice; ^ You must say to the River Goddess: If that Sage 
since taking his vow has steadily lived m fast, then make passage for 
me!”' The queen in renewed surprise went to the bank of the 
river, recited the words of the Sagc+ crossed the riveri and arrived 
home. She narrated everything to the king^ and asked X * How could 
the Sage he in fast, since 1 myself entertained him wnth food?' The 
king replied; * You are simple, O Queen, you do not grasp the spirit 
of the law: the lofty-minded Sage is indifferent to both eating or 
noO'catlog. Even though the Sage in the interest of the law eats 
pure food tliat he did not prepare or order to be prepared, neverthe¬ 
less that is said to bear the fuit of an unbroken fast Mind is the 
root* speech the crowu, deed the braneh-expansion of the tree of the 
law : f rom the firm root of that tree everything springs forth,' 

"\\ hen the queen had comprehaided this lofty-tnindedness of 
her husband and brother-in-law, in full ^mipathy"^^ she purified her 
own mind also/^ The parrot then said: “This essence of the law 
which I, the parrot, have proclaimed to you illustrating it by story, 
that verily is illumination"- by light- The mind even of noble 

s® See the story in Bcnfey, Panatantni, IL in which this idea b em¬ 
ployed to trick a confidiTtg huibandt cf. ibid., h 371- 

Tliese ratlier loose parallels are intended tu ittuitrate the fj&radoxicoJ 
contrast between the action and state of spuI- 

»According to BohUiiigfc's Lcjckon rasavaU Is ertirdlcd milk with sngsr 
and spices; see Tawnej'^s Translatioti of PrahandliaciiitiiiiaTii.pp. 156,157^ ig6. 
Anumodana, fcm., not in the Lexicon s^ 

^-Dhavalana, abstract noun from dhavalaya, not in the Lexicons. 
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wometij as long as it derives knowledge from aatunil disposiEion 
alone, is quite sure to go astray like a conceited Pandii/’ 


Divides iimt the Parrot is I/ikrama, IP hereupon the 

Latter Abandons His Body and Enters into the Body of a 
Housc-U^rd 

When the queen had heard this clear and subsliinrial speech^* of 
the parrot, she thought that there was no one quite like him in 
fulness of knowledge: '' My faltering mind was under delusion: thia 
is the king, here speaks hb voice! '* While the queen tvas thus 
rejoicing sleep descended upon her. Then the king in the guise of 
a parrot, noticing there a dead house-iiiard,*^ entered into it, that 
he might test whether the queen ^vonld virtuously keep her w^ord- 
Soon the queen, w^aking of herself, and seeing the parrot-prince lie 
soundless, began to rouse htm with hundreds of tender endearments: 

bpeak, O parrot! why dost thou not to-day pour nectar into mv 
cars? Thou who hast awakened"^^ me^ shall I in tum awaken thee? 
.Abandon sleep, arise, recite the morning prrtyerl Wherefore this 
darkness of sleep on the part of noble beings that make shine the 
torch of their knowledge? Why dost thon to-day not give answer^ 
hoiiV didst thou wax wroth with me? Since ihou preservest thine 
own form shall I not forsooth suspect deception even in thy sleep 

When the parrot, urged by such and other words did not wake 
up she arose in distress, and touched him ivith her hand. Even so 
he did not breathe; then the queen fell in a famt. Soon coining to 
herself she availed and exclaimed: ** Woe me, O parrot, why has this 
wretched fate''* overtaken thee? O evil destiny, tell me why he, who 
is like a sandal-tree,*' has been consumed by thy fire? Even a 

■*Tliq origliuil here contain s an untraa&latable metaphcir: snvivaraEii 
s^rbhaut ca vacah. Her UEtcnuiec is cotnpared to a womb wide ppm 
ffluvivini) and containing an embryo (^ai^arbha): cf. sagarbhavacana in 
ui3s text, 7. 294 _ 

*^Grhiigodliiika, not in the Ux icons. 

i, ^ double meaning of the origlaal, which both '' awoken ” and 

cn ight, must be kfi to the guess of tlie reader of a trimshitioii^ 

Daivakam. 

- CTTiihScm and iQiiintessence of coolness^ its c^nsuttip* 

ntarl^an estreme. S« Katha*. ;jj. 33 ; -■ Indisclie Spriiche,* m. 

663.1763. 2213.5278, ?3(! o , ’ 
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forest-fire is quenched” by constant streams of water, but thou wert 
not deterred by the hundredfold flow of the nectar of the parrot’s 
speech. Ah me IO king of birds, stain am I. to whom the stream of 
thy words had given life! Alas! I spoke falsely for a moment in 
order to delay thy death.”** Thus speaking she, with resolution 
caused by the parrot's death, bathed add anointed his body, and 
endeavored to perform the other duties suitable to the occasion. 

The Faise King, SlrUkeit teith Remorse at Kamal^>atrs 

Enters the Body of the Forrot, IFhereapOH Vikmma Returns 
to His Ost'n Body (yoo-JO^), 

The false king, upon learning all this from the queen’s attendants, 
ejcclaimcd in constemallon; '’Alas, alas, this entire kingdom, without 
Kamala,™ will be profitless to mo: I must go and rest ore her to 
life! ” He did as decided, but when she w'ould not at all be restored, 
he once more asked; “O Queen, if I assure you that the parrot is 
alive, will you then also live?” And when she had assented he 
thought his desire fulfilled: he determined to endow' the parrot wdth 
life, carry him to some other place, release him, and, thus having 
kept his promise to the queen, reenter hts owm body. After decid¬ 
ing upon his course he abandoned his body in a retired spot, entered 
the parrot and disported himself. The king, in turn left the body of 
the house-lizard, and entered his own body. And when he had taken 
on his body, resplendent like a mighty mass of cloud, Viktama, the 
king, quickly went into the presence of the queen. 

KafftoISvan Excuses Her Faiittre to Fully Recognise Vikraasa in the 

Parrot ijo6~Sls). 

At sight of him Kaimlavatl grew radiant as a garland of 
lotuses,**’ and tvas adorned with loveliness. And the completely 

” Vidhyaj'ati, "Sanskrit b^ick-formaLiuti fruoi PriikfEt vijjhajwti; see pi, 
ai, note. 

”Sht blames lierself for speaking to the parrot tboug-b he were alive 
at a time when she had no Bood reason to doubt his death, and to act accord- 
initly, as she now proceeds to do. 

*** Ni$kqniatam: pun upon Kaniala, the pel (ti}'pocoristic) narnie of the 
queen, and some meaning of katnala; either "wltliqut lotus,” or "without 
wealth,” The play of words cannot be reproduced in a translation, 

'®*The original for "garland of lotuses,” kamalimila, puns on the name 
of the queen. 
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faithful wife embodied in the queen who had been distracted 
by the arrival of a strange man, but promptly became herself again 
at the arrivaJ of her own husband. When she perceived that his 
speech^ his gait, his habit, 4 tnd his regard were just as before, she 
fell crying at his feet and then quickly rose and clung to him. Then 
she exclaimed: ^^Ltfe^ my'Lord* became one grief when you were 
absent in a strange land, and yet another grief when you appeared 
in a delusive form. Wretched woman that I am, how^ I is-as de¬ 
ceived by a false story, and what sort of test could I apply through 
my knowledge of strange countries What, under such circum- 
stances, I did accomplish, being a mere woman, is wholly due to your 
favor, bom of the graciousness of your feet Now do yOUp first of 
all, explain to me without omission each of the shapes you assumed.*^ 
The king rc]jlied: "Your dearly beloved parrot yonder shall narrate 
ro you/- The queen then said: “Yonr majesty 1 what purpose is 
there in an affair that death has taken in charge? ^Fhe parrot whom 
I have just now looked upon has become violently repulsive to me." 

Vikrafna Gencroit^Iy Far^hres the Tr&aeherous BrcJiwidR^ and ts 
Reunited u*itk fCamalUtvat^ 

The king took the parrot in his hand and said: 'M\Tiat have tve 
here, O Brahman?" The parrot replied: ^‘That w^hich befits them 
that deceive their teacher, their king, and their friend. My king 
art thou, because thou rulest men; my teacher, because thou hadst 
the Science besto\Ved on me: my friend^ because thou didst put confi¬ 
dence in me: all that has been cut off by me as if by excision.™ The 
king anstvered:" Look here. Brahman, why do you speak thus beside 
the mark? Your conpanionship^®* has enabletl me to pass the 
troublous experience of the Science/^ The Brahman replied: "Full 
w^ell thou knowest, O King, what sort of companionship was mine. 

She iTicani to that idte bad no mvaTis of quiEicing the fake king 
ahoitl his cxpuricncca during his ah^oc. 

^'>3 LupUm lopavad mayS+ ^emingly a grarnmatical pim: “ hai been 
elided by me If by elision/ 

i^titanga forgives ibe injuries done bim by the wicked Sajjana for 
the same reason, namely, former com panion nhip, Parevanalha, i. 293;, S« 
die same irait in tine story of Muladcva, Prorei^dinffs of this Soritly, Vol. 
LIT., p. 643. 
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O ihou great ocean of propriety and virtue! Me that has strayed 
from my own house and body, the tricker of friend, sovereign, and 
teacher, it does not, O Protector, befit thee <to see and to touch! 
There is no noble wife like unto Kamala, no great man like unto 
thee, and no base-souled creature like unto myself. Do thou then 
rule thy kingdom a long time; as for me, seize me hy the left foot 
and cast me somewhere that J may devote myself to a better life.‘** 
All this shall serve thee as a lesson in the wickedn^s of men I" 

The king heard him, his heart was softimed by pity, he forgot 
the evil deed, and said: "See here, ours is the same Science; how 
then can I seize you hy the foot? Go whither you desire, cojoy 
wealth somewhere while doing good to others in de^ devotion to the 
law!" After be had thus dismissed him, Vikrama ruled his kingdom 
in Kamala’s society, happy in heart, devoted to the performance of 
the law\ Thus the Science obtained by him through tactful conduct 
led to a happy issue, but the very same Science imposed great misery 
upon the Brahman who was wanting in that same virtue. 


"►"Karma sere. 


NAMING AMERICAN HYBRID OAKS. 


Bv WILLIAM TRELEASE, 

pLATtS T-IIT. 

{Read 

Two tticflhofls of designating hybrids are sanctioned by the In¬ 
ternational Botanical Congresses of Vienna and Brussels—employ¬ 
ment of a compound trivial name composed of the names of the two 
parent species^ separated by the conventional X or use of a 
new trivial name in a bitiQinnal preceded by the same convcntiotial 
symlyoln Talking a now well-kno\Mi oak hybrid as illustration, the 
first niethod would cause it to he referred to as either Qacrcus atbu 
X Prinus or Q. Frmus X. and the second as X Q- 

Various qualihcatians of the first procedure have been proposed 
or put in practice noAV and then to show which is the male and which 
is the female parent species^ or to mdicate by use of the symbol > 
or < whidi parent is more closely resembled by the hybrid. The 
first of these is possible only when hybridization has been effected 
artificially or when the mother plant is known, so that uniformity 
in its use and therefore general comparabiliLy is impossible. As n 
fact no effort ha^ been made to indicate the refiemhiaiicc tn either 
parent in the majority of cases; nor is it likely that different ob¬ 
servers would reach idenLical conclusions in this respect for many 
specimens of hybrids because, among other things, no agreement 
exists as to which of several non-concordant characters is to form 
the basis of judgment. Amplification of this composite name 
methofl permits the similar designation of secondary and teitiar)^ or 
higher hybrids, but in an increasingly cmtibcrsome way^ so that the 
polynomial indication of such Forms becomes very quickly a con- 
fused symbolically abbreviated description rather than a name. 
Even in the simple case of sneb a first cross as has been taken for 
illustration, ever}* rectification of error in the names ujjplied lo 
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either jxircnl ^peeies entails a changt in each of the hybrid designa¬ 
tions. For inslance^ if Professor S3xgetit''s conclusion is to be ac¬ 
cepted* that the specific name FrrMHj must be aj>p!ied to the cow 
oak, and not to the rock chestnut oak, so that the name nwntam 
is to be restored for the latter^ the peninssible designations of this 
hybrid at once change to Q. atba X and montaim X 

a/6d. This sort of double correction must he applied every time 
that the name of either ijarent b dragged into the buientable whirl- 
j>ool of nornenclatorial deliate^ which in this particular branch can 
be made hopelessly confused and voluminpus by even a fraction of 
the permutations that arc likely to he made. 

Binomial designation of each hybrid—simplen secondary or of a 
higher order^—offers escape from some of the difficulties attending 
the milltipie-name method. A l^inomial applied to a hybrid at once 
falls under the procedure customary with ordinary specific bi¬ 
nomials, and uo matter what changes the trix-Lal names of the parent 
species may undergo its own applicability rests solely on the basis 
of priority. In case of a change of generic names it is merely 
dragged about with the species it is derived from, and in the rare 
instances of what are or may come to be considered bigcncric 
hybrids it does not itself suffer cliange in the new connection and 
may cease to lie dragged ahout^ even* so soon as $uch hybrid genera 
are given unsfonnly definite names of their own, such, for instance, 
as Licli&-CaUleyu, applied to the hybrid between the orchid genera 
Lirlh and CaStieya. Its position is even more stable than that of 
varietal or subsjwcific trivial names, the treatment of wdiich pre¬ 
scribed by tntemational conventions is not followed utuformly In 
different countries or by different w^riiers. 

One inherent defect in such binomial designation of hybrids re¬ 
quires serious consideration. The scientific name of a species or 
variety stands for an assemblage of individuals no two of tvhich 
may be alike but which |) 0 !>ses$ characters of agreement tw which 
they differ from other assetublagei^ of individuals to ivhich they 
are related in the genus they represent as species or in itie species 
they represent as varieties* it stands clearly for a morphological 
concept. In contrast with ihis, the binomial applied to a hybrid ap- 

* 1^: 1915. 
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pears to be an expression of parentage^ which may be supported by 
morphological characters when its indivEduat rcpresentalives meet 
this test of mutual resemblance and difference from other namc^I 
asseniblageSp but which falls to die ground wdicn they differ so 
much among themselves a& to make a diagnostic description impos¬ 
sible. This is the case frequently, and the now conimonly known 
Mcndelian laws of segregation prepare one fqr the expectation that 
in some cases, at least, purely dominant and recessive seedlings of a 
known hybrid will be no longer other than reversions to one or 
other parent form if raised from self-fertilized seeds. 

Obviously die application of hinomials to hybrids is in a different 
category from the use of such names for species or varieties’ it Is 
not a matter of ta.xonomy, the stability of which is generally recog¬ 
nized as dependent upoo a m&rphologicat basis: but a phase of 
nomenclature, a means to the end of convenient reference to the 
various kinds of things. There is so much to lie said in its favor 
that botanists are coming to employ it generally. A special iliffi- 
cdlty and source of confusion inherent in the designation of hybrids 
under any method lies in the fad that their parentage is more com¬ 
monly assumed from their characters or inferred from circttm- 
stantial evidence tlian actually known. Whatever the method, 
synonymy must grow with every mistake made in thb respect: but 
the remedy for this lies with those who arc responsible for report¬ 
ing the parentage of supposed hybrids, as, elsewhere, it lies with 
those who are responsible for segregating species or other formal 
groups. 

Such a case as that of Bartram'^s oak, X (?w^rr«r 
presents an interesting aspect of the question. This was named by 
Michaux as though it were an ordinary spedts. Subsequent 
kilanisis have regarded it as a cross l>ctwccn Q, FhcU&s and Q. 
V€*lutim, The behavior of seedlings from trees taken to be rcjjre- 
sentative of heirrof^hyliin has led to the condusion that these were a 
cross between Q. PMhir and Q, mbra. On this evidence, they 
have been given by Schneider the binomial X C>. HoilickiL If the 
purpose were to name tlic if lea of a possible cross, this \vould obvi¬ 
ously be necessarj, since the idea of the cross between Q- PhcHo^ 
and Q. veiuiina would have been called X 0- heferophyth. As a 
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matter pf fact, the mnjc was ^vea tP a definite plant form, and 
follows that form whatever changes of theory or knowledge its 
parentage may undergo. For this reason, X Q. Homckii passes 
into synonymy as a mere cf|uiTOlent of the earlier name X Q- 
f$flcrophyUa; and the latter does not in any way affect the naming, 
on its own merits, of a hybrid between Pkfttos and zvluthta when¬ 
ever that is brought to light. Such a plant is believed to be that 
which is here called X Q- dw&to, though some doubt attaches to its 
parentage. If an error has been made, X Q- dubla in its turn will 
still stand for this form if it-can be Identified, which is less certain 
than for heten^phylla; and a real hybrid between Phellos and 
zvluiiiui, if ever found, will finEilly be given a definite name Quite 
irrespective of these efforts. A somewhat comparable case is 
afforded by X Q* ruudttata. 

In my study of the American oaks, briefly summarized recently/ 
I have had to account for a considerable number of hybrids, some 
of which have been described or even figured, oocasionally as species 
in the ordinary use of the term, .-md some of which have been made 
known by reference to specimens more or less generally distributed 
by their collectors. No collective treatment of these forms lias ever 
been made: they are not to be found severally assembled in any 
hcrbariuin that I have seen, being inserted sometimes under one 
fiarent, sometimes under the other—now under one n-inio^ now 
under another for the parental species—and exceptionally under 
binomials of ihetr own. The following table accounts for every¬ 
thing of this description that I have encountered either in Iterharia 
or in publications on Quercus; it is published partly lo call atttai- 
tion to the general desirability, as 1 see it, of designating hybrids by 
binomials, and jjartly to facilitate a workable assemblage of oak 
materials in herbaria. 

Lest misapprehension arise, it should be stated that wliat is here 
called Q. rubra is the common red oak of the eastern United States; 
though, foIlDw'ing Professor Sargent’s suggestion of a current mis- 
idcntification, Mr. Ashe proposes replacing this name by Q, fmxtma, 
and using rubra for what is here callerl Q. nmeato —^the digttala or 
fahala of many writers, 

’ Proc, Nat Acad. Sci, Safi. 1916. 
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Quercus atba X 6iVo/or^X Q. Jackiam 

X macrocarfia =r x Q. Bebbiana 
X Hitni/ffl«a = X Q. Saulii 
X Muehlcttbergii = X Q. Dcami 
X prtnoidci = X Q. Faxoni 
X Prirnts= X Q* Boadlei 
X cit'Uata= X Q- Fcmowi 
Q, oricotiica X grisea = X Q- orgwiensis 
X Q. Ashei n. nom. {Q. Calcsberi X citicrea) 

X Q- Beadlei n. nom. (Q, alba X Priitus) 

X Q- Beijbiana Schneider (0. alba X macrocarpa) 

X Q- Ben DERI Baenitz^ (Q. coccttica X rubra) 

Q. bicolor X alba = X Q- J ackiana 

X macrocarpa= X Q. Schuettci 
X Q. bluff tonensis n. nom* X cimeata) 

X Q* EkitTOsi Davis ( Q, ilktfolia X Hiarilandka ) 

X Q- caduca n. nom, (Q, dnerea X fiigra) 

X Q. carolinensis n. Dom. (Q. citierca X tHarHattdica} 

Q. Caifsbcei X citicrea.= X Q. jVsbd 

X CMicata = X Q‘ blufftonensis 
X nigral ^ X Q, Walteriana 
Q. cinerea X Calesbm= X Q. Ashei 

X cttttcttla = X Q. subintegra 
X ffl((fi’/o/ia = X Q. sublaurifolia 
X Htorf/a«rfiVfl = X Q. caToUfKmsis 
X = X Q. caduca 
X f vclulitta = X Q. podophylla 
Q. cocchica X ilictfolia — X Q. RobWnsii 

X palustris'^Q. cllipsoidalis f., — not a hybrid, 

X rubral X Q, Bendcri 

• Resembhncc to ritlier parent ti bere indicated by me of the LribomiaU 
N Q. fffndtn toedvoidet and Q. Bfttderi rubroidej, and one of the many 
fomii po»riblc of the lonncr u inditated in the naind X 0. BendcH eoe- 

*{?. iipiooro Walter, tifually taken to have deiigtialed thU liybrid, is held 
to apply properly to what Small hat called (J, ou^rln'pro.^Asbe, prof^ Soe. 
Aflper. Eor'catcrn II t 8p. ipidv 
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0- cune<3ta X X Q- bliifftonensis 

X = X subintcgra 

X PhcUos^ X Q. subfalcat^L 
X = X Sudworthi 

X Q+ Deami n. nom. (Q, alba X Mueftienb^rgii} 

Q. Daugtasii X Curry ana 

hA$ hctn taken forp fM?ssib!yp this crosf scarcely appear^ to be 
more liian Q. D{fUf;limL 

X Q- BtJflrA Asbc {Q. Pkelhs X f 
Q. dumosi^ X Engchmnm 

Specimens diitrib-titetl Hr this hybrid scarcely appear to be m-ore than 
Q, dfinwja. 

6* eiUpsoidalts X vduiwa = X Q- palseoikhicok 
Q. Emoryi X gri^ea 

Neither of these appears to show evidence of Q. Ewi4?o'* ns a parent. 

0, Engdiftanni X (See Q. ditiRtria) 

X Q* eacacta n. nom, (Q* jnibinsViim X pdudds) 

X Q* Fazoni n. nom. (Q, o/feo X prinoides) 

X Q- Fernowl n. nom. (Q; dba X stdiaSa) 

Q. Garryana X Douglasii 
See note tinder Q. DsuffhjiL 

Qk X in^rilcndica= X Q- SmaJHi 

X Q. Giffordi n. nom. (Q. itidfolt<^ X Pkelhs) 

Q.grisi^a X orisonica= X Q- organensis 

X Eiftoryi (see note under Q. Efiitjr>'i) 

X Q. HETEjtoFUVLLA Michaux {Q. Phdhs X nibrct) 

X Q- Hilili n. nom. {Q. macrocurpa X Mutktenhergii) 

X Q- Hollickh Schneider = X Q- hcterophylLa 
Q. ilicifolh X coedfu^a = X Q. Robbinsii 

X niaritafidica = X Q- Brittoni 
X PhdIost=^ X GifFordi 
X velutina = X Q- Rehderi 
Q. i w&rfdTon'ii X wtinVaiitfffti=X {^.tridentata 
X potusiris^ X Q- cxacla 
X = X Q' randnala 
X ^lntina=i X Q- Leana 
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Q. Kefloffffii X lVisfitfni =i X Q. moreha 
X Q. Jackiana Schneider (Q. a/&a X bitafor) 

QJatirifoiia X X Q* Mellichanipi 

X X Q. suhlaurifolia 

X Q- Lean’a Nuttall (Q. imbricaria X tv/vfi'na) 

X Q. tUWA'iciAWA Sargent (0- Pagoda X Phrftot} 

Q, maer&carfia X iiJba=i X Q. Bebbiana 

X bicofor!= X Q- Schurttei 
X Mu^hleubfrffti^ X Q.Hillii 
<>. »K<JnYa«difd X f(fnrwa= X Q. carolincniis 
X ffi!orfffam=X Q-SmaMn 
X iltcifotia^ X Q- Brittoni 
X iHtfrWcano=X Q. trideotata 
X ttiffra= X Q, sterilis 
X Pb^fhs= X Q, Rttdkini 
X Q- Meilidiaiiipi n. nom. (Q. Catfsbeci X tffunft^Ua) 

Q, montam* X ali?a=X Q- Satilii 
X Q. MORES A Kellogg^ (0, Kglfpffffii X IVisIitetti) 

Q. AfuMeiiberffii X oiba = X Q- Deatni 

X fiiflfrofarpfl = X Q. Hillii 
Q.niffrtt X Ciiffjihri= X Q' Widteriana 
X cififrea = X Q- cadiica 
X «i(in7tf«di<a= X Q. sterilis 
X Q. orgauensis n. nom. (0. ansoinpa X gnsaa) 

0. Pttffoda^ X P/iclhs s= X Q. ludoviciana 
X (?. palaolithicola n, hybr. (Q. efli/^soidatf^ X 

form in fojfage rcMmbling 0. or ihc tliip~ 

saiJalU, vfith fruit of the Urger eiliptoidofU or roffinra type, but bndj large 
and hairy as in rtriu/ina,—-The tyiw from Winnebago County Itlina'is {Rrfcfc), 

Q,/>afustnsX cot:citu!a=Q. dUpsotdalis f.*—noia hybrid. 

X itiibneariaiss x Q. exacta 
X fubra = X Q. Richtcri 

* The rock chestnut Mk, conunonly called Q. f rfptuj. 

* Commonly written Q, Afarebus. but evidently an adjective name based 
OT Morelv^tbe Scriptural " land of Morialt," and consequently to be brought 
into agreement of ge&der with the feminine tree name Qaemei. 

* Though fafftidtt/olia, applied by Ashe tn ibis species, has priority in 
vanetal use, it gives svay under the intensational rules to Rafinewae'a spe¬ 
cific name Pojjoda. 
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(>. Phflhs X cu^eata = X Q- subf alcata 
X itkifolio=X Q- Giffordi 
X mJtrilandica= X Q- Rudkini 
X Pagoda = X Q. ludoviciana 
X rHbra=X Q. heterophylla 
X ? ty^fufina— X Q* dubia 
X Q. podopbylla n. nom. (Q. diu^rea X f vclutina) 

This ij Q. pettolarit Ashe, 8- preoccapifld name. 

X Q, Porteri p. ntini. ( Q, riiiro f X velatma) 

Qt prtttoides X atba = X Q. Faxoni 
Q. Priuits^ X alba = X Q- Beadld * 

Q, pungent X Ernaryi (Sec note under Q. Bmoryt) 

X Q. Rehderi n. nom. (0. ilkifofia X 
X Q- RichTEki Bacnitz (0. paUistrts X rubra) 

X Q. Robbinsii n. nom. (Q. coccinca X dicifolia) 

Q^ru bra X = X Q- Bended 

X imbricarta =: X Q- runebata 
X palustris^X Q-Rbbteri 
X Phelhs=- X Q- betcrophylla 
X f veUttina = X Q- Porteri 
X Q- Rudkin i Britton (0. nu/riiaiidka X Phdlot) 

X Q. hUNclNATA Engdmflnii (Q. iinbrtcoria X niiira) 

The ciifreat Idea dtat this is a cross of Q, rKiit'olo with Q. ritbi'n seems 
less probable than the jiarenta^e here indicated; and ewneafa does flot occur 
where the ijiie material was collected. 

X Q. SAULlt Schneider (Q. e/fto X fitonfano) 

X Q. Schuettei n. hybr. (Q. J^fo/or X maerocarpa) 

A form With twiys of Q, niaerocorpa and sometinies eoflty'Winged. foliaye 
variously Intermediate but prcvailitiKly sugjjestive of 5iVo/or, and subsesaile 
small frtut of the Ineolor type but with the cups sometimes short-frinyed and 
dten Testmbliny smal1*fruitcd foniis of mncfOfflrpifl.—Cf. PrOf* Amert Phiiat. 
Sae, S 4 , ph (,—The type from Fort Howatd, Wisconsin {5fk*iiie, September 
*8, iSaa). 

X Q- Smallii n. nom, {0, gtorgiana X marilandka') 

Q. stellata X ofia= X Q- Femowi 
X Q. sterilis n. noni. (Q. HfonVoBefico X »igra) 

*The cow oak, commonly known as Q. AfsrAaujrit. 
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X Q- sutifalcata n. nom. (£}♦ cuft^dla X Pbcllos'i 
TliU is 0- faicaia Ashe, a preoccupied name. 

X Q- suhintegra n. nom. (Q. ciwcTfa X cuticota') 

X Q. sublaurifolia n. nom. {Q, diter^a X iavnfoliQ) 

X Q. Sodworthi II. nom. (Q, cuncata X 
X Q. TRIBENT.^TA Ewgdmann (0. ftwfrnViina X iimnYoniiVo) 

Q. vduiino X dnercd— X Q- podophylla 
X aittfota = X Q* Smlworthi 
X empjfOtdatis= X Q- paUeolithIcola 
X iTiVi/oKfl=»XQ R«f'i‘>«f' 

X imbricaritti= X Q- Lcana 
X X Q. duhia 

Xrahra — XQ-Porten 

X Q. Walteriana Ashe {Q. Ctttcsbsi X nigra) 

Q, WiJitiseni X Kenoggii=> X Q- moreha 

From the foregoing list. 1 ha« omitted Q. hemisphferka Will- 
denow and Q. hybrida Small, as I am frankly in doubt as to their 
Status. Tlie latter {0- latmfaiia hybrida Mtchaus), supposedly a 
cross between ianrifaUa and nigra, seems rather to be a toothed form 
of Q. laurifoUa. The former, comprising a greit array of mter- 
nicdiates bctwceti Phellos and nigra as well as other forms not other¬ 
wise placeable, and m its extremes not distinguishable from the« 
species, though T do not recall that it has been held for a hybrid 
seems more likely to include some hybrids in its complex tlian is 
true of Q. hybrida. 

The Uku'Sesity of Itutrais. 

M^ECB I, ipi?. 

ExpLAXAnox ap Plates. 

Plate I. ffl/rtvtit/iiVifio. T>-pc tnaterial in the Field Hu setiin. 

The upper. dRuie pbentt one third nalural .dee: the lower of natural si*e. 

Plite !I. XOnerrM SekHtiUt, about one third nattirai sire. The uppef 
sheet, in the United States National Herbarium, with foliige approaching 
that of 0. Mcolor; the lower, in the Field Muieum, witJi foStaae aud fni't 
more a* lit £}. fflOfrofr£rF‘^<i+ 

Piatt HI. XQucrcHr 5chHrl(fi. The upper figure a representntion oi 
the type sheet, in the Field Miweuui, about one third natural s«ei tl« lower 
a fragment oC this speeimen, at natural sicfc 
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INTERRELATION'S OF THE FOSSIL FUELS.' 


IL 

Bv JOHX J. STEVENSON. 

[Read April 14, 

THE CRETACEOUS CO.^LS. 

frtat of Cretaceous age occurs more or less abundantly in many 
countries. The original areas in which it was formed vary from 
mere patches to thousands, even hundreds of thousands of square 
miles; hut these greater areas have been broken by erosion mto 
isolated basins, or better into isolated fields, sometimes widely sepa¬ 
rated. The coal are not confined to a single horizon but are 

present throughout the Cretaceous at localities where proper condi¬ 
tions existed. The several regions have so many features in common 
as well as so many in contrast that a detailed description of some 
t\T>iea1 areas, though tedious, is necessary for proper understanding 
of the relations. 

Eubope. 

In western Europe, coal is confined almost wholly to the Wcaldcn 
but in central Europe the Upper Cretaceous contains deposits of 
more than local importance. 

Coal in thin seams has been observed at some places in England 
hut the quantity is significant. The Wcalden of the Dorsetshire 
coast and of the Isle of Wight has no ctsd. Mantell* states that, 
at Brook Point on the Dorset coast, a sandstone ledge in Lower 
Wcalden encloses trunks and large branches of trees, mostly petri¬ 
fied. ^^ebster, at an earlier date, had seen these stems, of which 
some had been converted into a jetlike substance. Mantell, observ- 

* ParE L in tlic 5 ^ V^oS. LV^ ppr 21-303- 

iG. A. "Geolo^al Excurtiona rotltid the lile of Wiffht,'* 3d 

cd.T London^ 1^54, pp. 203-206, 3 | 8 t 239, 

r-noc. AKiR. paru s?otp roK, lvi^ e, uav 23 ^ *917- 
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ing that al! ihc stems are prostrate, thought them a fossil rail, re¬ 
mains of an aiicii:nl pine forest, transported by a river and buried in 
tlie delta sands and nitidSp as is the case ^rilh rafts of ihe Mis^ 
risrippi River. But the description of conditions leads one to hesi¬ 
tate before accepting the reference to rafts. The Mississippi rafts, 
as described in European works of Jlantcirs daj,r were not die rafts 
as they T,vcre. It is not probable that the rafts of the Atchafalaya 
and Red River would produce deposits Such as those under con¬ 
sideration. The features^ are more like those observed along the 
Athabasca and some other North American rivers, where great 
masses of driftw^ood occur, the interstices being filled >vith silt and 
sand. MantelL eniphasires the presence of ripple markings in the 
Weatden: slabs of sandstone, clay and limestone on the Isle of Wight 
are often covered with them. Imprints of annelid and molluson 
trails, of crustacean claws, of pectoral fins of fish as well as of feet 
of reptiles have been obtained. Tlic formation is of essentially 
fresh-water origin^ Lyclh^ in describing the Lower Wcalden or 
Hastings sand, remarks that one finds at different heights in the 
section strongly rippled slabs of sandstone. Some of the clay beds 
had been ex|>osedt ft>r sun cracks arc abundant. red saricbtone. 
near Horsham, contains innumerable traces of a plant, apparently 
Sphetwl^ti'rts, with stems and branches disposed as if they are stand¬ 
ing erect on the place of growth, the sand having been deposited 
gently around them. Similar conditions have been observed else¬ 
where in this formation. 

Some coal has been found in the Wealden of France, but it is 
of little importance. The lignites of Simerols* suffice as illustra¬ 
tion. The area is smalL with radius of about :25 kilometers. The 
section at one locality^ shows (11 day, 0.90; (2) lignite. 2.50. at 
times Aviihout partings, but at others divided into two or three 
benches: (3) ^^balc, 0.70; (4! lignite, friable, not mined. 1.50; (5) 
carbonaceous shale. 0.80; ( 6 ) lignite, conipact, T to 1.50; total, 7,90 
iiietcrs. This deposit, at times only 4.60 tnelers thick, underlies 

-See “Fornaatioii of Coat Bcdi, II-" Fro^. Ant^r^ PkH. Soc., Vol L, 
1911. pp. s^s^ssi. 

■ C LyclI. Elements of Geology,” 6lh New York, l866, pp. jSo. JSL 

^ Amaiald, “ Dc 5 argika liguittfcrc^ dcA Sarladaij/’' Rii/f, Fmitre , 

n., Vot. iS66, pp, Meugy, tht same, pp. 
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marine Cretaceous, but is of fresh-water origin, the animal rcniams 
being indeterminate bones with shells of fresh-water mollnsks. 
Plant remains and silicified stems are in the clays. The hgmte is 
described as compact, blackish brown and lustcrless. 

The Wealden of Hanover, that portion eipiivalcm to the Hast¬ 
ings sand of England, has coa! scams, which in many places have 
economical importance. The region* has been studied by several 
geologists, each having in view the study of some special features. 
The area lias extreme length from cast to west of about t6o miles 
and an extreme width of about 120 miles from north to south. 
Exposures are not continuous, for erosion has removed the W ealden 
from extensive spaces, while in others the surface rocks lielong to 
later formations. According to Credner, it reaches from the Hare 
Mountains westward to the Holland border, where it passes under a 
thick cover of diluvium. The exposed areas are isolated and at 
times arc so widely separated that sections have little resemblance. 
The Weatden consists of clays, marls, sandstones and coal beds; the 
colors are from while to gray, with rare bands colored by oxide of 
iron. Dunkcr states that the coal usually resembles the older black 
coals, the plant materials have undergone mtich greater change than 
In brown coal, and distinct woody stmclure is rarely recognizable. 
Some mines yield a coal comparable to the best in England; a sample, 
analv'zcd bv' Regnault, gave carbon, 89.5^' hjdrogcn, 4 '^^, oxygen 
and nitrogen, 4 67 1 ash, i. This type is dense, brilliant, with uneven 
to conchoidal fracture and in appearance resembles anthracite. It 
is closdv jointed and usnally has a blackish brown streak. But 
there is'lignite in the Wcalden. with woody structure and reddish 
brown streak. A sample from Hdmstadt. analyzed by Vairenlrapp. 
yielded carbon, 68.57: hydrogen, 4.^t oxygen and nittogen, 19.87: 
I ash, 6.72]. Tiunker thinks this brown coal derived from conifers, 
cycadSp tycopotls and fems. 

In the Osterwalde, a very different tjTO. the Blatlerkohlc, is 

"W.lHuitccr," Monographic Jer NardOcutichen WcatdenbiWung " 
schweiE, 1 S 46 , pp. Xi-X 5 tviii, s, ai: Heinrich Credner, “Ueber die Glicdcr^g 
dcr oheren Jurafonnatioit und det Wealdw-Bltdujig im nordwertlichcti 
DcuUichlancl. ' Prajr, 1863 , Pp. lx- 47-54. *3^. 733, t3^>4iJ C. SmK^anR, 

« Die Wcaldcn-Bildungcn iler Umgesend von Hanrover," Hannover, 18 S 0 , pp. 
14 -se, 3o-3fi. 
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faiind in the same section with olher some of them belonging 

IQ the black coal" type. This Blattetkohle consist chiefly of 
AMes tmki and Fier^phyllum tydikimm^ whose densely packed 
leaves and twigs, mostly brown and transparent^ become fle:eible^ 
when soaked in water j coalification is extremely imperfect. Dnnkcr 
thinks that lycopods and fems are the chief constituents of the black 
coals, as no remains of other plants have been discovered. It may 
be noted m passing that the Bliuerkohle bears great resemblance 
to the conifer peat of the Fichielgebirgep^ as described by Reinscht 
and to the coarse^' coal of the Carboniferous; in the latter the 
conversion is complete. It must not be forgotten that David tlis- 
covered equally flejrihle remains of plants in the Permo-carbonif-^ 
erous of New* South Wales. 

The coals vary^ in quality ; partings thicken and at times the 
whole seam becomes cariipnaceous shale; occasionally masses of 
sill dons matter^ limestone or pyrite become so abundant as to render 
the deposit worthless. In some mines» a waxy substance, clear or 
dark yellow% occurs, which Ihiukcr thinks may be hatchettin. 

Near Euckeburg and Schaumburg, the Wealden sandstone is 
120 to J50 feet thick and contains 4 coal scams, of which two are 
workable. On the Osterwalde^ the thickTiess is not far from 430 
feet and i& scants were seen, mostly thin or too poor hi quality to 
justify mining, the greatest total thickness of coal being 9 feet. 
Welbniarked coal seams, in nearly e^^eiy' case* have a black clay 
roof and Roor, the latter occasionally passing into Brandschlcfcr or 
cannci shale. The roof day, at times, contains abundance pf plant 
impressions and ca'cti becomes coaly^—a true faux-toit. In the upper 
part of the section there are tw^O seams consisting mostly of the 
black coal, hut this, in |>arl, is contiimous with browm coal* contain¬ 
ing pieces of wood-ltke anthracite. 

The plants enumerated by Diinker include 2 species of 

26 of fems, 10 of tycads, 5 of conilers and one palm^ Endo- 
now taken to be Scdgit/itkia, One species of Eqmsftum 
occurs abundantly in a sandstone, w^here the stems are more or less 
nearly vertical. Stems of trees were observed at many localities; 

• See InterrebtiDTis of the Fossil Fuels, Ftqc, VoL 

LV., i(n6, p. S4, 
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ihosc replaced with &ancktone or osdde of iron show no trace of 
structure, but those from the coal resemble Pin if j-. He believes that 
much of the coal js derived from conifers, 

Credner reports that the sandstone is 540 10 550 feet thick on the 
south slope of the l:>iester ratige, 8 to 12 miles south from Hannoverp 
where it consists of alternating day shales* marly shales^ sandstones 
and stone coat; the chief mass is a yellow^ fine-grained sandstone 
with little cementing material. The section shows l6 coal scams^ 
of which 11 are less than lo inches thick and have had coah” 
Three beds, 2 feet* i fE>ot 6 inches and 1 foot rcspectivdy^ are of 
'Svorkablc'^ thickness and yield good coal. Oearly, the periods 
when coal acetitnillation wa$ possible, w-ere of brief duration and the 
general conditions were not such as to encourage formation of good 
coal; the total thickness is little more than 15 feet^ of which less 
than one third is good. The fauna Is fresh-ivater, Unh^ Pahdim, 
Cypriit^ Ltpid(}tiis and Sphttrodus being the prevailing forms; 
Cyrciaa is not rare. The flora consists of ferns, cycads^ conifers 
and palms. 

The Ostcrwtdde area is farther west; Its resources had been dc- 
velojjcd after Dunker's examinations were made. The Wealden 
sandstone is approximately 500 feet^ but the conditions are not the 
same as in the Diester area. The ^^w'orkablccoal seam, one foot 
thick and 28 feel: above the base at Dieslefp Is here in the same posi¬ 
tion, but only 8 inches thick. ^Vithi^ 72 feet above it are 3 seanis, 
the thickest being 6 feet 9 inches, all absent from the Diester section. 
Near Minden, 7 milts farther west, the coal is thicker. Meanwhile 
the character of sediments has been changing, for the sandstone, 
predominating at Diester, is insSgniflcant here. The change con¬ 
tinues westward: at Bcntheim and Ochlnip, on the Holland border, 
one finds only clays and limestones about Soo feet thick; the lime¬ 
stones yield Afc/amn and Accortiing to Credner’s descrip¬ 

tions, It is evident that the coal decreases in the direction of finer 
sediments. The ihick coals of Minden are associated ivith the one 
noteworthy sandstone of that area. Both Diinkcr and Credner note 
abundance of sphicrosiderite in the rocks associated ivith coal scams. 

Studies by Duitker and Credner were mostly in the region w^est 
from Hannover; StnickmaTui gave information respecting other 
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arciis and added to that respecting the weJstcrn. The coal-t>earing 
deposits equivalent to the Hastings sand are his Middle SH'ealtlen' 
his Lower W'ealden is equivalent to the PurtM_-cik lieds of England^ 
now placed in the jnrassit* The whole Wealdeii of Struckniann is 
only ij meters ihkk under the city of Hannover; ihe Hasiirigs sand 
is thin but contains oo unimportant seam of coal. At Neustadt, lo 
miles farther norlhtvest, the sand is still pre^iertt^ though very" thin, 
and holds thin coal, w^hich has bccii utili2£ed. Jit Z4 miles west- 
northwest, the sand is insignificant, almost wholly replaced by a 
thick, often bituminous day and marly shate, shale, rich in pyrite^ 
but holding some coal. 

The Hastings sand increases southw'ardly. At to miles west 
from Hannover^ thick beds of sandstone appear; on the Dicsterp 
south from that city, as well as on the Siinte! ndge at the southwest, 
sandstone prevails: but at Oslerwaldc^ sandy and clayey shales are 
abundant, though there are prominent beds of sandstone. Struck^ 
mann compares several sections, I., on ihc Dieter by Credner; IL* 
farther west l^' himself; HL, on Ostcrwalde by Credner; IV., at 
Rehburg, northw^est from Hannover, by himself: 
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in Li there are la worthless seams and three w^orkahle; in IL, 3 
worthless and one tvorkable; in III., 6 worthless and 5 w^orkable; 
in IV,, one workable.^ In HI., sandy shales or very slightly con¬ 
solidated sandstones, but in IV, days and marls make the greater 
part. These observations by Stnickmann show that the source of 
sediment was south from Hannover and that the sand flats de¬ 
creased toward the west and norths giving place to less coarse 
materials. The coal seams are Irregular and it is evident that many 
of them are of insignificant lateral extent. Sph^TOsidcrite is abun- 

^ li would ftpfwar tha,x \n. t!ie$e c^lcuktions any gcam yicitdbff good coal 
and more than ten indies thick h thick enough !n be mined. 
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dant. The taun^ is fresli-water, 'Hie flora at Oslerwalde consista 
of fem&j cycads and conifci^, but two form&, ao Anouionamite^ 
and a Sf^irangutm, are warning there, though they are estraordlnaiiiy 
abundant on the DLestcr. 

Hosius* discovered plant remains and fragmenls ol coal In the 
^^'ealdc^ sandstone near Vreden in Westphalia about 35 miles west- 
northwest from Munster, 

The Upper Cretaceous is almost wholly marine in England^ 
France and western Germany, so that coal occurs rarely and in small 
quantity; but farther east, in Saxony, Bohemia, Silesia and Moravia* 
the Umcsiones and marls are replaced with sandstones at several 
horizons and coal deposits are present, which in some areas have 
much economic importance. 

The Lowenberg basin in southern Silesia is at about 25 miles 
from the border of Saxony and Bohemia. According to Scupin^® 
the coal of thi.> basin has been regarded as either stone or Pech coal; 
it is deep black, lustrous and has conchoidal fracture* but gives a 
very dark color to solution of caustic potash. It is of merely local 
importance, as the greatest thickness is little more than a half meter, 
yet at one time the annual output w as 60,000 Centner, Near Klitts- 
dorf^ a sandy brown coal contains remains of wmod; near Lowen- 
berg, coal, 6 inches thick, is exposed and lower dowm in the section 
is a mass of coal and sand, containing 6 inches of good coal, but in 
greatest part is mixture of coal and sand in about equal proportion; 
at another exposure the composition is clay and fragmentary coal. 
Scupin thinks that this confused mass must be allochthonous and 
suggests that it may represent a washed out sw*amp. Two lower 
beds, 10 and 3 inches thick, were pierced in a boring and a notable 
quantity of spli^erosiderite was found in the intervening rocks. 

The Cenomanian coal of Bohemia is usually unimportant. Nau- 
maun says that the Lower Quadersandstdn occasionally con talus 
layers of clay shale rich in conifer and dicotyledonous remains* with 
nests and layers of mostly unw^orkable coal. v. Andrian gives the 
section obtained near Chrudim, about 60 miles east-southeast from 
Prag: {%) Coarse sandstone, with fossils, 24 feel; {2) dark day 

* Ho&inSr d. d. GeoL tfcrrl/., Vol. la. i86o, p. 6]. 

Snipln, ''Dir Ent^tchung der Nicderschleiiachcr Senon-Kohkn,” 
Zdtse^j. /. pr. 19 to- PP- 
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shale, with plant rernalns and coaled sieni^, 4 to S » ( 3 ) tooder- 
alely coar&e sandstone, 2 to 3 feet; (4) coarse conglomerate, 2 to 
4 feet. The dark shale of this region section contains near Skutsch, 
j3 miks farther wesL a bed 01 worthless Pcchkohle, which is rich 
in Bernstein, Retiss, in a letter to Bey rich, siatecl that a mass of 
Bernstein, several inches long and of brownish yellow color had been 
obtained as Skutsch, which is very near the Moravian border.** 

In Moravia, according to Reuss,*^ the coaly substance, to which 
the Low^er Qnader beds owe their color, is sometirnes collected into 
nests or even into beds of workable thickness. At a mine, west 
from Mahrcns-Tnibau and about 50 miles southwest from Chrudim, 
he saw a seam of thinly laminated Moorkohle [a peat-like brown 
coal] 4 feet thick, brownish-bbek and conUining lamina of bright 
black Pcchkohle. It slacks readily on exposure and is high in ash, 
Crains of honey-yellow Bernstein, some as large as a pea, are scat¬ 
tered through it. The roof and Boor are blacki$h-gray shale. In 
older mines near Utigsdorf, farther souths Reuss saw^ two coal 
seams, i foot 6 inches and 3 to 4 feet thick. Coal of the upper bed 
IS brown-hlackt >vdth shaly structure^ rather bright fracture and 
contains much resin. The coal of the lower bed is black, rather 
crumbling, contains numerous layers of Fascrkohle as well many 
lumps and half-inch layers of Pechkohle- Bernstein is less abun¬ 
dant than in the upper bed. Roof and fioor of both beds are dark, 
more pr kss sandy. 

Coal has been mined for many years in Lower Austriaj. near 
GrQnbach, at a score of miles south frgm Vienna and near the border 
of Hungary. The deposits are in the Gosau fonnatioo, which is 
taken to be of Turonian or Senonian age. Cijiek** states that the 
seams are all thin south from Grimhach, but become thicker north 
from that city. The Alois tunnel, 1,200 feet long^ intersects 21 
Seams of w^hsch only 3 are workable^ the others being from 2 to 10 
inches thick. The workable beds, all within vertical distance of 

Rniss, ZWfJcft. d. d. Gf&i Gcjfli, Band III., 1S51, p, 13; F. v, Andri^^ 
Ukrb. it, k. GtoL Rckhiaml,, Vol XIII, 1863, jk 207. 

A, E, Reuss, BtctrE&c rdr geo^asdclictt Kemitnisi MAhrens"^ Jahrhr 
C€ifL RHfh^anjL, V&l. 1^51, pp, 757-731, 

J, Die Kohle in den Kreide^ibbigcrungtn bel Gmnbach,"/aAfA. 

ft. k. Gfol RaickjonsL, Vol. Jl,, Pl 1, p. 144 Fr. - pp. 107 ^ seq. 
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6o feet, are tlie Caroti, 2 to 3 feet, very irregular in thickness, but 
its coal is much prized, as it is low in ash and clean, the bed being 
without a parting- lodohofer, 3 to 4 Ecet, is usually quite regular, 
but at times the intervening rocks disaj^ar and this unites with the 
Carol i, the thickness increasing greatly and occasionally reaching lO 
feet. Antaiii, 2 to 2 feet 6 ittebes, is in 3 benches with clay partings, 
each 2 inches. The coal is soft in top and bottom, hut in the middle 
bench it is hard. The roof is black slate, 1 foot, which bums well. 
As described by Czjzek, it is a canneUshale, a mud very rich in 
organic matter- 

The coal is pitch-black, with bright luster and black-brown 
streak. No woody structure is visible to the unaided eye. Occa¬ 
sionally one finds pieces whirdi retain the form of branches, but all 
trace of fiber has disappeared. Analyzed by Schrotter, the composi¬ 
tion is; Carbon, 7+84; hydrogen, 4.60; oxygen [and nitrogen), 
20.56; water at lOO* C, 6.57; ash, 692. Reasoning from this 
analysis, Czjzek concludes that the character of a coal has some rela¬ 
tion to its age. The Tertiary coal at Brennbetg has only 60 to 70 
per cent- of carbon, while that from the Lias at Fiinfkirchcn has 85 
to S6 of carbon and only 8 to 9 per cent, of oxygcii- 

Passing over into Hungary, one finds, according to Hantkcn,** 
important development of Cretaceous coals in the province of 
Bakony and in the western mountains. The areas arc insignificant 
in comparison w*ith those of the Lias, but the beds are little dis¬ 
turbed, milling is simple and the output is latge. The important 
mines are near Ajka in Bakony, where the Cretaceous consists of 
two marine formations separated by a fresh-water formation with 
coal scams. The fauna contains some brackish-water forms but 
fresh-water types predominate. There are at least 25 s®arns of coal, 
of which one near the top and another near the bottom are work¬ 
able. The upper or Bernstein Flotz is always divided into several 
benches and the coal is inferior. In one part of a mine this bed is 
2-93 meters thick with 4 benches of coal aggregating T.70 of coal, 
while in another part it is 2.43 meters thick and in 6 benches, but 
the thickness of coal is practically the same, 1,72 meters. The lower 

M. Hanlkcn. “Die Kohfenflotic end der Kohlenbergbau In dcr Landcrn 
dcr ungariscbeti Krone," Budnjiesl, 1878, pp. 174, tr6-i7<>. ifl?, 198. 
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bed rLverdgc? about 2 SomatiniK k \$ Viithout parting but 

at others it is broken by two, 20 to 50 centimeters thick. Occasion¬ 
ally, one of the other beds is thick enough for miiimgr but in all 
cases ihe thickness shows much wriation. The coal is of very fair 
quality; in the Barod area^ nioisliire is from 8.2 to per cent, and 
the ash is from 7a to 15,7 per cent. 

In the Lower as well as in the Upi>er Cretaceous, coal seams 
acetimuLited on border areas, where the sediments show proximity 
to land, Tlie character of the deposits, the lens-shaped coal seams 
and the fresh-water fauna associated with them seem to ju^ify the 
suggestion that the coal was formed in swamps on great irregular 
liver plains. For the most part, these had a comparatively brief 
existence and were subject to frec^uent floods carrying muddy water. 

AvSTJtALASIA, 

Molengraaff^ reports that he saw thin seams of coal at various 
horizons in the Cretaceous along several riv^ers in central Borneo. 
These are without economic importance. The associated sandstones 
frequently contain grains of coal. 

Coal is present in the Cretaceous of eastern Australia, though 
very rarely in economic quantity. As the conditions appear to be 
much the same throughoutp it suffices to consider the phenomena in 
Queensland as described by Jack.^* Cretaceous deposits cover a 
great part of that prorince, where they arc divided into the Upper 
or Desert Sandstone and the Jjower or Rolling Downs formation. 

The Desert Sandstone formation, now remaining in barely one 
twentieth of its original a reap consists mostly of thin flags, whose 
surfaces arc covered with a network of raised lines, crossing each 
other at all angles, which clearly rqiresent filled sun cracks. The 
same sands show tracks and burrows as well as Indetcrmioaie re¬ 
mains of plants. Cross-bedding Is qiike characteristic of the thicker 
layers. Pebbly deposits occur occasionally and, at one locality, 
Gibb saw^ an angular quartaose grit w^hich fiasscd into brecciated 

A. F, Molctij^rajiff^ “Gcolcaical Exploratiort$ in Central BaTnto*' 
Enff, cd., Leyden* igos, pp. 202, 217, 241, 250, 277, ^ig, 

U Jack and R. E. Etheridge, Jr„ ^Geology and Falaonloloey of 
Queensland;' Brisbane, 1S92, pp. Sll-536. SSI, Ss®. 
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conglomerate. Silicified stems of trees and of bamboo-ltke plants 
were observed in many beds. On top of a small table-land in 
western Queensland, H. Y. L. Brown discovered a grove of fossil 
sttunps standing erect. Thirteen are large, the greatest diameter 
being 4 feet and the usual height is 4 feet 6 inches. Many of the 
stumps are hollow and fragments lie in all dirccliotis. The matrix 
having been denuded, they stand as evidence of how trees have 
degenerated in size in this part of the country since Cretaceous 
limes,” 

Tlie features of this formation throughout arc those of a vast 
flood plain, subject to frequent overflow and to frequent changes 
in direction of drainage. As one should expect, the coal deposits 
of the Desert Sand stout are lenses of moderate extent and com¬ 
mercially unimportant. Within the Cooktotvn rr^ion, seams were 
seen 6 and 15 inches thick; the bottom of the latter is crowded with 
quartz granules. The coal is worthless; four samples from the 
Cooktown region gave 9.65, 1902, 30.20 and 36.53 per cent, of 
ash. The coals vary from semt-hituminous to high-grade bitumi¬ 
nous, though in the description of this region, no reason for this dif¬ 
ference appears- Pellets of coal were seen frequently in rocks 
associated with the coal. 

The Rolling Downs formation is mostly marine, with inter¬ 
calated deposits, which may be of fresh-water origin- The higher 
rocks on the Upper Flinders River contain bands of ferruginous 
sandstone with markings which are suggestive of reptili^ foot¬ 
prints. Farther up the river are thick-licddcd sandstones, with grits, 
pebbly grits and conglomerates. Tlicsc hold coal seams, one of 
which is in five benches with 22 inches of coal and a total thickne,^ 
of 4 feet 9 inches. Other but thinner scams were seen in this 
neighborhood. 'Hic coal is very good and cakes. Kear Winton. 
borings have passed through some seams of coal, but all are thin, 
none exceeding 2 feet, and the coal in the several scams varies, the 
ash being from 4.56 to 20,34 per cent. Some scams, 3 feet thick, 
have been observed elsewhere in Queensland, but they are merely 
lenses, marking sites of swamps occupying depressions in sandy 
river plains. 

Identifiable remains of plants are rare in the Queensland Cre- 
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taccous, onJy two forms fi^vmg been recognised. One of them be¬ 
longs lo Gloss0ptcnf and was found in the Desert Sandstone. Ethe¬ 
ridge cannot distinguish St from C- bnnmiam and C. ampta, which 
abound in the Fermo^arboniferous of Qucenslanii] and New South 
\Vales. The innwrlant coal deposits of New Zealand, in the lower 
part of the Cretaceo-Tertiary, occupy some extensive areas in the 
South Island and a less iniportant area in the North Island. The 
South Island was studied m detail long ago by Hector^* and bis 
associates. Hector examined Nelson district; the northern fiart of 
the island. The coaFbearing rocks at the Collingw^ood mine* in the 
extronie north, rest on 103 feet of conglomerale and are 250 feet 
thick. They are mostly ihick-bcdded clayey sandstones with inter- 
bedded carbonaceous shales, which have 6 coal seams,, from 1 to 4 
feet thick. But the coal is broken badly by partings. On the 
Ngakaivau River there is a seam, 16 feet thick and yielding good 
caking coal, which bums freely with a sooty flame. In the lower 
canyon of BuUer River^ he saw a bed of compact brown coal^ at 
least 16 feet thick, underlying brown micaceous sandstone and over- 
lying a conglomerate or breccia of great thickness, which has a few 
thin seams of coal. The thick seam, which has much fossil resin, 
varies in composition * samples from different parts of the bed have 
from 33,45 to 46,85 per cent, of volatile combustible matter in the 
pure coal. The ash in raw coal is abouL 7 per cent* A seam, ao 
feet thick, is mined on a hrancli of Biiller River j its ash is remark¬ 
ably low, varying from 0.98 to 1.19 per cent. The coal in some 
parts of the scam is compact, with bright luster and splintery frac¬ 
ture, but in others it is dull, with fracture Itkc that of brovsm coal, 
and resembles jet. 

In the Gr^ River area, the southwest comer of the district, the 
basal rocks are conglomerate and breccia, succeeded by 200 to Soo 
feet of sandstones, grits and shales with be^Is of anhydrous caking 
coal. Above these h a non-persistent conglomerate. Where this 
last is absent, the sandstones pass gradually into sandy day$ with 
marine fossils and nodular clay iron-stone. Immediately below 
these marine beds and resting on the conglomerate or, in its absence, 

Hector, ^Ceoldaiv^ Survey of New Zeatatid/' 1E72 pp i2q-mi 
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QTi the sandstones, is a seam of inferior coal, the " upper bed," which 
is a pilch coal, containing much «stn and little constitutional water. 
The thick bed on Grey Kiver, i6 feet, contains 64. to 66 per cent of 
fixed carbon, while another seam, on the coast, has but 38,55 per 
cent. Hector described the latter as a very superior pitch coal, but 
its chemical composition suggests cannelj and it vras recognized as 
such by Campbell,'^ who notes its variations in thickness, Witliin 
its small area, he sate it 4, 6, 16, 4. and 2 feet. At the border, il 
thins away to nothing, Canncl is the prevailing type in this bed. 
Another bed. resembling splint, contains pebbles of sandstone. 

A more detailed study of the Bullcr Coal Field was made by 
Cox and Dennis ton.” At Coalbrookdale in Waimangawa Basin. 
Cox saw two coal scains, 5 and 18 feet thick, separated l^ 34 feet of 
sandstone; but at a short distance away they become 6 inches and 
11 feet 6 inches. The upper bed quickly disappears but the lower 
one thickens northwardly until it becomes 40 feet, beyond which it 
decreases. Still farther north, beginning at Mount Frederick in the 
Ngakawau Basin, this lower seam is 5. — 5 r 37 * 4 ^* and. at center of 
the basin, 53 feet; theiicc it thins away in all directions, the last 
measurement being 6 inches. Other beds show similar variations. 
Southwardly from the W'aimangawa Basin, the conditions are the 
same. Dcsoending a stream from Mount Williams, Cox satv an 
outcrop of shale; at a little distance beyond, this became a coal 
seam, 3 feel thick, blit worthless because of numerous shale bands. 
Followed southivestwardly. this, the lower coal seam of other basins, 
became 3, 8. 20 . 40, 20, 20. and 25 feet. But southward from the 
last measurement the seam thinned away until no trace of it could 
be found. 

Denniston's descrijilions and his numerous sections show the lens 
form of the coal seams, thickest at center and thinning aivay to dis* 
apjtcantncc toward the margins of the basins. He notes that coal 
of the lower scam is not the same throughout a basin. In one area 
the upj»er portion is tender but the lower is hard; in another, the 
prevailing type is splint or canticl, hard, compact, jetlike, burning 

u W. D, Campbell, New Zealand CeoL Survey. Reps, for 1876-7. pp. 3 

«S. W- Cox, N. Z. Geol. Survey, Rep*, for 1874 - 6 . PP- 17-29. w6-H9; 
R. Denniston, die same, pp. I2t-I7T, 
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with a candklike fiame and showing little tenrlcncy to cake. The 
descnpLions by Cox and Dcnniston make clear lliat the basins were 
contemporaneous hut not connected. 

The district of Canterbiir>\ embracing the middle eastern part 
of the island, examined by Haast,** The Malvcm Hills area, 
about 30 miles west from Christchurch and embracing not far from 
180 square miles, exhitrits his Great Brovm Coa! Formation, which, 
in the Table of Formations of 1879, b placed at base of the Cre- 
taceo-Tcrliaiy, The coal seams are numerous, usually thin and 
always variable. Occasionally, nodules of rctlnitc are numerous. 
The inlter\''ealng rocks show great irr^:tilarity' in structure. Sand¬ 
stones have abundance of tree trunks^ whose thick hark has been 
replaced with clay ironstoniei while the interior tissue has besn re¬ 
placed with woot]stone ** or filled with black shaly mateiiak 

The extensive district of Otago, embracing the southern part of 
the island p was examined by Haast, McKay and Hutton.^ In 
Haast^s area the lower part of the column has near the base a mass 
composed of subangular fragments of schists and containing irregu¬ 
lar scams of coal, 6 to 15 inches thick. Higher up, the rock be- 
comes a conglomerate with uvell-rounded pebbles of quartz. The 
thin-bedded sandstones and shales following this conglomerate have 
only ihtn scams, but in the upper part of the column there are beds 
of conglomenite separated by thinner shales and sandstones, which 
hold important coal seams. 

Coals arc mined on Green Island. Near one of the shafts, 
McKay satv a bed of fossilized roots sticking in an old soil just 
as they grew/' At another locality, a workable coal seam under¬ 
lies beds containing B^^knmitella. 

According to Hutton, the area of Cretaceous coabi is small in 
Otago. The most important field is near Shag River, where there 
are at least 6 workahk seams, yielding the best of brown coal Tlie 
seams are thin in the Mount Hamihoti field, rarely tveeeding 10 
inches, but the coal is bituminous. The highest sandstone there con¬ 
tains at base an angular block of sandstone, 8 by 3 f«l, resLing on 

llaast, 2 . Gcol. Reps, for 1B71-2, pp. i-gfi. 

Haast, Reps, for 1871-2, pp. 148-153: A. McKay, Repi.. for 1&73-4, 
PP- S5, <io; F. Hntmn, "Geology of Otages,** Dunediti, 1875, pp. 44, loo-ioj 
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a thin seam of coal. He conceived that it had been floated in, 
atlache<l to the roots of a tree, " wherefore the coal beds are formed 
partly from driftwood.” 

The coals of New Zealand for the most part are H^kic or sub- 
bituminous, but no woody structure is mentioned by any observer. 

Greenland. 

The existence of coal in the Cretaceous of western Greenland 
was made certain by the work of White and Schuchert*' during 
1897. 1 ‘heir observations were made chiefly on the Nugsuak Penin¬ 
sula. The Kome or lower division, as exposed near Kook, con¬ 
sists of shaly or laminated sandstones with thin beds of dark shale 
containing much carbonaceous matter, so abundant at times as to 
make the shale combustible, but not enough to Justify one in callit^ 
it coal or lignite. The whole succession is so imeguiar that sHmtioos 
are irot comparable. The plants are conifers, cycads and ferns with 
sonic indeterminate leaves of dicotyledons. Near Ugarartorsiiak, 
all divisions of the Cretaceous were examined. The Rome, in a 
section of 270 feet, has 20 feet of “ thin coals with shaly partings 
anti 2 bands of carbonaceous shale." Another section of about 305 
feet, belonging to the Atane or middle division, has sev'eral beds of 
coaly shale, a coal seam, I foot 6 inches and a mass of " thin sand¬ 
stones and coals,” 10 feet. The flora differs from that of the Kotne 
as, besides cycads, conifers and ferns, it has 8 species of dicotyle¬ 
dons. A third flora, in still higher beds, is related to the second 
and both seem to be related to the Upper Cretaceous. Dark beds 
with huge ferruginous concretions, have fossils of types character¬ 
ising the Montana of western United States. 

dark shale, 75 feet thick, seen near A La on the southerly shore 
of the peninsula, has leaves and large fragments of tree trunks with 
an uivertebrate fauna, which Stanton takes to be the same with 
that of the highest beds on the north shore and equivalent to Ceno¬ 
manian. The highest division of the Cretaceous, Patoot of Heer, 
is exposed near Patoot, where the lowest beds axe at 470 feet above 
the sea. The fossils arc of Senoniaii age and some of the plants are 

D. \Vlitle and C. Schudierl, " Cretaceous Series of the West Coast of 
Greenland " Butt. Gfol. Sat. /fpFsrr., VcL p, iSefl, pp. 343-Jti8. 
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allied to Laramie forms. The authors suggest tlial, at least in part, 
the Paicx>t ntay be a transition formation; no unconformity was otn 
served between Cretaceous and Tertiary; all conditions indicate that 
sedimentation \y^ continuous. Near Patoot^ at above the 

base of this division, there are occasional bandSp ferrtiginoas, con¬ 
taining fem^p conifers, and dicotyledonSp with erect slumps and 
abundance of silicified wood. 

North America. 

Cretaceous deposits are present on the Atlantic and ihe northern 
Gulf coasts of the United States* but they contain no coal and the 
occurrences of lignite have interest only for ihc paleobotanist. The 
important area is in the west’Cenlral region, where the deposits 
originally extended from the 93th meridian westward for not far 
from 1,000 miles, and from LaL 25° in Mexico northward for not 
less than 2,100 miles, in all not kss than 2,000.000 square nutes. 
These figures are merely appro.ximations and the area of greatest 
extent may have been considerably larger. The continuity of these 
deposits was destroyed by post-Cretaceous erosion* following the 
Rocky-Mourttain revolution. 

Belief that Cretaceous deposits were practically continuous 
throughout this vast ar^ is of comparatively recent data- The 
prevalent conception until wnthin little more than 20 years, wras that 
the Rocky Mountains had existed during Cretaceous time, 'rhere 
seems to be link room for doubting the general accuracy of conclu¬ 
sions that those mountains mark lines of successive foldings but proof 
of their existence as elevated areas is wanlitig. Willis” thoughL that 
the earliest Cretaceous dc^josits of his district were laid down on a 
surface of Carboniferous and Algonkian rocks, which was a plane, 
primarily a peneplain and afterwards a surface of marine planalion. 
The first period of con^pression may not have begun utiril alter 
dose of Ihe Cretaceous. Incidental reference to the conditions 
indicates similar conception on the part of some later observers: 
hut the first clear analysis of the evidence, known to the writer, is 
that by Lee,“ who has discussed the phenomena observed by him- 

B, Willis. “ Stratigraphy and Siructurii, Lewis and UvmgiitQn Ranges, 
Montana " Bm/I G^oL Soc. Arnrr,, Vnl ! 3 . 1502 . pp. 338^ 3^ 
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wif and others tn New Mexico anti Colorado* He recorgnizes pene- 
jilanattoti in the southern Rocky-Mountain region prior to the bt^n- 
niug oF the Upper Cretaceous. The evidence all indicates that the 
interior coulitieiital sea extended from Utah and .AHaora eastward 
over the present site of the Rocky Mountains. 

The source of sediments was at the south and west, as appears 
Ftoiu discussions iiy Lee, Stone and Calvert and Stebinger,-’* as 
well as from sections by many other observers. The coarser ma¬ 
terials are in the southern and western parts of the area, while, 
toward the east, land and liordcr-land conditions disappear, so that 
the rocks become shales with more or less of limestone. But toward 
the close of the Cretaceous, land and shore deposits extended Far 
east, indicating perhaps a long penod of comparative stability prior 
to the great mountain-making jjeriod of the Tertiary. The vast 
area, reaching in some places almost to the Mississippi* was ap¬ 
parently at first almost a peneplain, over which the early Cretaceous 
sea advanced to the w'eslem border. 

During and after the Rocky-Mountain revolution, erosion was 
50 energetic that, in New Mexico, Arizona, Utah and Colorado, the 
Cretaceous was broken into isolaterl “fields" or “basins." separated 
in many cases by ranges showing Archcan rocks at thousands of 
feet above the general altitude of the region. But this greatly dis¬ 
turbed area becomes narrower toward the north, so that, In much of 
'Wyoming, the continuity is broken only by comparatively short 
ridges around which the Cretaceous rocks outcrop* Still farther 
north, the undulations in by far the greater part of the area arc 
gentle and sedimentation appears to have been continuous into the 
Tertiary: the greatly difturlwd region on the western side trends 
toward the northwest and becomes very narrow. During the Cre¬ 
taceous, deposition was practically c<}ntinuous, there being only local 
uncon form [tics, so small vertically and horizon tally as to be sur¬ 
prising, in view* of the vast area under consideration* There are, 
however, great variations in thickness w‘hich seem to be due to differ¬ 
ential subsidence. The conditions favoring accumulation of coal 
were repeated many limes in the region of coarser sediments and 

n W, T. Lee. Prat. Paper, pj-C: R. W. Stone and W. R. Calven, Eraii. 
Gfoi, Vot. V., 1910; E. StebingcT. Prof, Paper, 90-dr, 19I4, 
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tht formation of offshore deposits was niarkcd by an assemblage of 
fossils w^ich survived the changing conditions mid reappeared at 
several horizons. 

It was lo be expected that during the period of reconnaissance 
survm^s, coal groups belonging near the base of the Upper Cre¬ 
taceous shcnild be correbted with others elsewhere, which are in 
highest formations of the series- One familiar with the facts» as 
now understood p is not astonished by the contradictions, when he 
considers the conditions under which the earlier work vras done. 
During recent years, detailed studies by geologists of the National 
sun eys of the United Stales and Canada have done so much tow ard 
removal of uncertainties, that it is possible to present a comparative 
table of formations, w^hich, as a generalization^ is near enough to the 
truth for purposes of this study.^ 

The first systematic classification of the western Cretaceous 
was presented by Hall and Meek.''* Hall had hnanced an cxpetli- 
tion to make collections between the Missouri River and the Man- 
vaiscs Terres, Meek being in charge. The succession, based chiefly 
on Sleek’s observations, is 

Eocene, Tertiary Formation, days and sandstone, etc., containing 
remains of mammalia, 250 feet. 

Cretaceous Formation, . 

5, Arenaceous day, passing into argillaceous sandstone, 80 feet 
4 h Plastic day I w ith calcareous concretions contaimng numcroiis 
fossils. This is the principal fossil iferotts bed of the Cre¬ 
taceous on the upper Missouri, 250 to 300 feet, 

3. Calcareous marl, containing Ostreo^ congcjta, scales of fisht 
etc., 100 to 150 feet, 

=‘^The writer would col neglect acknowledgment of his great indebted^ 
ness to the writings of W. T+ Lee, T. W. Stanton, N. H. Darlcinp F. H. KttowL 
ton, E. Stebiager, R. W. Stone and W. R. CalverU of the United 
CrcoloRical Survey and to thoae by D. B. T>owlitig, o^ the GcolDglcaJ Sorv'cy 
-of Canada. Several ef these students have been uiire^cn^icd m cOTomunl- 
catlng unpublished material; but they must net be beld rcspenulilc for coo^ 
cltisiotia offered by the wrlterp some of which may appear to them far from 
correcL 

^ Jajdes Hall and F* E. Meek, ''Description! of New Spetie$ of Fos^s-iK 
from the Cretaceoui Formatiem of Kebra^ka," MittrK aifd 

Sfi, 18561. p. 405. 
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2 . Clay contaitiing fc^v fossilSp So feet. 

I, Sanclstotie and day, go feet. 

The tliicknesses were purely tentative, aa the party, owing to 
unexpected complications, were cotupcllcd to make a reiiiarkahly 
rapid reconnaissance. Several years later, Aleek and Hayden pub¬ 
lished an amplified section, based on examinattotis and collections 
made by Hayden while associated with the Raynolds expedition.*^ 
In this nienroir, geographical names were applied to the several 
formations. Fox Hills beds. No. 5; Fort Pierre group. No. 4; 
brara division. No. 3 f Fort Benton group. No. 2 ; Dakota group. 
No. I. 

The Fort Union or Great Lignite Group, which overlies the Fox 
Hills, was placed in the Tertiary. This grouping was based on the 
fossil remains, not on the lithological features and it was applicable 
apparently throughout the eastern part of the Cretaceous region. 
In the early yo’s discussion arose resjiecting the relations of some 
coal deposits which had been referred to the Fort Union; the term 
"Ijramie” was introduced for the deposits in dispute, to be em¬ 
ployed without committing the writer to either Tertiary or Cre¬ 
taceous age. Studies in more recent years made necessaiy a change 
at the base of the column. Darton'a examinatiou of the Black Hills 
in northeastern Wyoming showed that the Dakota is complex, that 
the middle and lower portions carry Lower Cretaceous forms, while 
the upper portion belongs to the Upper Cretaceous. Some years 
afterward, tlie same author, and later Lee and Stanton, discovered 
fossils with similar relation in the same beds witbiu New Mexico, 
These lower beds were correlated wdth the Kootenai of Canada. 

Wlien, however, an attempt was made to apply the Missouri 
River section to the country west from the 106th meridian, serious 
difficulty was encountered. Tiic character of the deposits was 
wholly different. The matter was complicated by the fact that the 
earlier explorers did not recognire that the great erosion was due to 
posl-Crctaceous elevation of the mountains and by the other fact 
that they did not know that a eTOuping of fossils, resembling that 
of the Fox Hills, occurs in that region bw^ down in the colimm. In 

F. B. Meek anil F. V. Ilajilen, Froc, Acad. N^at. Sti.. PhiUJelphia. 1S61, 
fram pp. 43^ 
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the later work, cxig^eiicics made necessary the study of economiciiUy 
important districts and the temporary ignoring of intervening dis¬ 
tricts. The column was divided for desaiptive largely 

on the basts of lithology and local names were introduced, which 
were utilised in other districts, but not alw'ays in the same sense* 
At an early date, the difficulty in determining houndartes of forma¬ 
tions at the wxst w-as recognized ; the Fox hlills and the Pierre were 
combined as the Montana and the Niobrara and Fort Bemon as the 
Colorado. In this study, the Meek and Hayden classification is 
employed as it is based On jiala?onio 1 ogica] ground and enables one 
to recognise changes in physical geography. As modified by later 
studies It is 

Laramie 


^lontana i 
Colorado 


Fox Hills 
Pierre 
Niobrara 
Benton 


Dakota 

KootenaL 


Each of the severaJ fortnations is coal-bearing in area^ of greater 
or less extent, but barren or nearly so in others of greater extent. 
ITiey will be described in the order of age. Literature dealing with 
the coals of the western Cretaceous is voluminous, but it consists 
largely of preliminary studies with land classification as the object 
Mudi of the region is very sparsely settled* as it is agricultural!v 
arid, and sysleiuatic mining is confined to narrow strips along the 
railways. For the most ]jartp explorers must depend on natural 
exposures, which are indefinite. At the same lime* one cannot 
frain from grateful acknowledgiiieut of the skill exhibited by not a 
few' of the observers, for the mass of information is so great as to 
prove an cmbarrassnient tn prepatation of this reviews 


The JLerflinfc^ Lance^ Edmontm. 

The post-Cretaceous erosion spared only scattered areas of 
Laramie in the southern districtSp but farther north, where the region 
of orogenic disturbance was restricted more and more to the far 
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western border and deposit ion was JipparctiLly continuous itii the 
plains, Laramie covers or underlies great spaces. 

In the pre&ent state of knowletjgep one may not assert or deny 
the existence of L^uramie beds in the important T rinidad-Raton field 
of Colorado and Kew Mexico. Lee's discovery of an unconformity 
by erosion in the mass, formeTly regarded as Laramie, has made 
the relations of the Raton fomiatioii, that above the tmeonformityn 
somewhat uncertain. The plant remains ^Lppear to have Tertiary 
affinities. The report by Lee and Knowlton m this field is still 
unpublished. It would appear that the Laramie is present in the 
isolated coal field on the Arkansas River, near Canyon City, Colorado. 
Stevenson^* in his first report referred all the coals of this field to 
the Laramie; but at a later datCp he restricted that formation to the 
upper part, S8o feet, which is in accord with the bter measurement 
by \\ ashbume. This bter observer obtained plant remains which 
shovv that the rocks are equivalenl to a part, at least, of the Laramie 
as recognize<l farther north in the Denver Basin. The coal seams 
arc irregular in occurrence and appear to be mere lenses. The sand¬ 
stones and shales are so variable that vertical sections, less than too 
yards apart, are wholly dissimilar. 

The Denver Ba$in extends along the eastern foot of the Front 
Ranges almost to the northern boundary of ColomdOn The hlcsozoic 
deposits were studied by Eldridge^'*^ The l*aramie, 600 to t.^oo 
feet thickp consists mostly of sandstones in the lower, but ot clays in 
liie upper part. Coal seams in the higher beds are thinner and 
much more irrcKular than those in the lower division, which is about 
300 feet thick. glabra, according to EldridgCp occurs in the 

lower division^ so that in the writer's opinion this sandstone is closely 
allied to the Fox Hills^ to which it is iithobgically similar. Sections 
throughout show great variation in the rocks as well as in the coal 
seamSi^ so that in any district, strict correlation of coals in different 
mines is possible only tvhere the workings are continuous. The coal 
seams of the lower divisiou are from 3 to 14 thick. vV seam^ 

J. J. Stwenson, U. S. ETipl. W. of lOQlb Mer., Vol IIL, l& 7 St PP 393 - 
Prac. Amfr. PMi See,, VoL XIX., leSl, pp. 50S‘-5si I W. U'ashbume, 
U. S. Gcol. Survey. Bitlf. jffl. lOfO, pp. 

S. F. Emnmn^ W. Cro&s, G. H. Eldridgc, U. S, GeoL Sun ty^ Monog- 
57 , lSgi6, pp. sr- 74 , 323 - 3 ^ 59 . 


74 STEVE>JSON—INTERRELATIONS OF FOSSIL FUELS. 

mined in Lhe Lafayette district, is 14 thick at the aulcTop; but 
vvUhin 500 feet a parting^ appears, which mcreases northwardly to 
10 and at length to ^5 feet. The splits retnain good m this direc¬ 
tion, but southw-ardly, as the parting increases, the lower split ts 
broken more and nrorc b^" slates urtUl it becomes worthless. The 
coal in some seams is not the same throughout J one bench may be 
hard, another soft. In one bed, the upper bench yields softer covd 
than the lower, which h complex, consisting of: Bright coal with 
conchoidal fiacture, 6 inchesj ernshed coal, 6 inches; fibrous coal, 
36 inches. The coal of the Denver Basin often has woody struc¬ 
ture and contains silicificd tree trunks, knots and branches. It is 
resinous at many places. 

D. WTiite^ states that, while the ccnls of this Basin are relatively 
persistent, they vary greatly in thickness, Tite topography of the 
floor reveals shallow “swales” or ponds, occasionally extending a 
mile or more, in which the coal is thicker. The floor at Lafayette is 
a fduish sandy underclayi containtiig numerous roots in place, prob¬ 
ably an old swamp soil; resting on this is a bed, S to 30 inches thick, 
of dark carhonaccous Hay, or lignitic mud, filled with flattened stems, 
lying in all directions, some of them very^ large and many are much 
compressed. The roof is sandstone with no transition from the 
coal. 

In general, the coal is essentially syloid, there being ap^xirently 
more wood than in the lignite of Hoyt and Rockdale in Texas, 
though less than in that of Wilton and Lehigli in South Dakota— 
all of them Eocene. ITie t|uaiitily of jetified wood is large but the 
branches and Umbs are compressed to thin lenses. Mineral charcoal 
is abundant^ often in large fragments. A Ic^ tvas seen, 14 by 5 
inches in section, jetified in the interior, w^hile tlic outer portion had 
become mineral charcoal; but another specimen was hollow^ contain¬ 
ing mineral charcoal in the iuteriorj, while the outer portion W'as 
jetified. Irregular lumps of yellow resin are numerous and at times 
this material has been squeezed into the joints. 

The coal at Mar.^halh to miles from Lafayette,, is at the same 
horizon, being regarded as one of the splits of the main l^favellc 
scam. Snicified wood is abundant and well-preserved, .n ho wing 
m Wliiit/'Tlie Origin of Coal/* Bur, of Bufl, 38,1913, pp. 20-23. 
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grain ami rings distinctly. The Imver pari oi the bed is more con- 
chotdal, less xvloid and has higher pcrcetitage oi fixed carbon than 
the upper, suggesting, as White says, that it represents a moK ma¬ 
tured peat. He could obtain no data respccllng the floor of this bed. 
but roots were found under tv!o coal seams in a railway cut. the 
sandy floor of one being undoubtedly an old soil. 

Thiessen's'^' microscopic study of the Lafayette and Marshall 
coals proved that, generally speaking, the type of vegetation and the 
conditions during accunmlation must have been very similar to those 
during the Ivoceiie in Montana and Dakota, though the. proportion 
of woody materials is somewhat less and the compression is greater. 
The resin is darker than that of the Dakoia lignite. The debris con¬ 
tains the rettculaled bodies observed in the pith of certain fossil wood 
and present in all Tertiary and Cretaceous coals which 'I'hicssen has 
examined. Fungal hyphie and spores are abundant, the former 
especially in material of herbaceous origin. Spores and pollen 
cxines compose not more than S to to per cent, of the mass, 

A notable area of Laramie has escaped erosion in the northern 
part of the San Juan Basin within New Mexico and Colorado. On 
the eastern outcrop, according to Gardner.” coal seams are very 
thin or arc wanting; but on the western outcrop, Shaler saw along 
the Rio Chaco several coal scams which occasionally become work* 
able with a maximum thickness oi 2 to 6 feet. Farther north, on 
the San Juan and Plata Rivers, he saw the Carbonero seam with 
maximum thickness of 5^ feet; but it is variable, for at one locality 
it is little more than 6 feet and is broken by three partings. Beyond 
the Colorado line, near Carbon Junction, the thickmess increases to 
about too feet: the partings are very numerous, but there are some 
bands Of dean coal. 4 to g fed thick. The bed dmdes toward the 
west; at 3 miles southeast from Durango. Shaler saw three seams, 
7 , 30 and tg feet, tii a vertical space of less than 200 feet, which he 

bdieves to be splits of the Carbonero, 

Apparently no part of the Laramk has escaped erosion m the 
great Uinta Basin of northwestern Colorado; or. at least, if any 
still remain, its rocks are so similar to those of the Pierre that no 


»iR. Tlsiesicn. Bur, ot Mines. Butl. 38. mi3. PP- „ 

*=J, H, Gardner, BiilL J^l, itW. P- 388; M, K. Shakr, Bull. J 16 , Ft. 2 . 

1907, pp, 385, 386. 33 J. 35 *. 4 «J. 4 U 4 , 
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sc^raLion tan be nickde. The coaj deposits ot thb r^on were re¬ 
ferred to the Laramie by the earlier observers j the later oTsservers 
have proved that they in the Pierre, 

Laramie coals are important in the Green River Basin of south¬ 
western Wyoming. I’hc Cretaceous section in the outlying coal field 
of Coalville m northeastern Utah has on top 2,500 feet of mostly 
sandy beds, with leaves and fresh-water shelbi but no coal. This 
rests on L650 feet of sandy beds with marine fossils.^^ At about 
30 miles northeast, one reaches the Laramie area of Uinta County, 
Wyoming, where the Liramiep aecording to Knighi and Veatch^^ is 
more than 5,000 feet thick in the southern jjart of the county. 
There, as in the Coalville field, one is near the western border of 
deposition and the formations are thick. Schulta found onlv 2^00 
feet remaining in the northern j>art of the county. The lower por¬ 
tion of the column for several hundred feet contains marine fossils 
and it must be referred to the Pox Hills; but Liramie leaves are 
abundant in the higher deposits. The Tertiary coals of Evanston 
overlie the Laramie uncomfomiably. Coal scams are nunterous in 
the Laramie and at times they are workable, but the thicker scams 
of the Tertiary' render them unimportant. 

The Rock Springs coal field in Sweetwater County is about 50 
miles farther east, only Tertiary deposits being at the surface in 
the intenening space. Schultz='- gives the thickness of Liramie as 
3,900 to 1,500 feet, the variation being due to extent of erosion. 
The lower part of the scctioti is dearly Fox Hills; the L'lramie beds 
are sands and clays with little eoah The marine sandy beds persist 
casiwardly and the Laramie rocks retain their features, finer in 
grain, more argiibiceous and without im|>ortant coal beds. In 
southern Carbon County, Ball and Stebinger*^ find an extreme thick¬ 
ness of 4.000 feet, hiU the forniation thins away sontliwTird. Tlie 
lower part of the column for about 400 feet must be assigned to the 


C. H. Wegetnann, BhU, jBi-i:, 1915, p. rfij. 

**\V. C. Knight, ^vSduthcra Uinta CouTity, Wyomitie," BuU. (7*o| Soc 
AmfK, VoL IS ipoz, pp. 54^-S44: A C Vcatch. BdII, 2*5 1006 a 4 u' 
Sthultz, BhH. ^ 16 . 1907. P- 217. 333, A. R. 
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Fox Kllh. Th^ tOial seams are irregular except in the nor them part 
of the district, where beds were seen, 8, 6 and 4 feet thick. Whether 
these belong Lo Fox Hills or to Laramie Kinnot be determined from 
the sections. In the southern .ponion of the basin, within Colorado, 
the Laramie is 900 feet thick according to Fenoeman^^ and Gale, 
consisting of altemating sandstones and shales, with indications of 
^ lignite seams distributed Irregularly in the upper two thirds. 
The winter regards the lower third as belonging lo Fox Hills and 
thinks that the thick coal seam near Craig, 8 feel, is in that formation. 

Northward from the Greco Rivet Basin, areas of Laramie arc 
conij>anatively unimportani. On the west sitle of the liighorn 
basin, lenticular coal beds were seen by ^VoodrufT ai many places 
in the lower part of the fomiaLion. Washbnrne found ijo to 
700 feet between the Eocene and the Pierre formation, massive 
sandstones and shales; in this, taken to be l^ramie, there are ihin 
and variable coal beds. The only wmrkabk seam is near Crarland 
where 4 feet of dean coal had been worked; hut the seam quickly 
breaks up in all diredions and becomes worthless. The Buffalo 
coal field, east from Bighorn Mountains^ show's, great irregularity 
in ileposition during the Laramie, but ihc coal $eamSp though vary^ 
itig in thickness and quality^ can be traced for considerable distances. 
In ihe Sussex coal fiekk 30 miles farther south, Wegemann found 
the Lance formation, Jk^OO feet thick and resting on the Fox Hills. 
The coals are lutlmportanl except in two localities, where seams oc¬ 
casionally become workable. W^egemann^s descriptions seem to 
make clear that the coals are mere lense& and tlic better coal h in the 
middle portion of the lens. Winchester measured about 2,450 feet 
of Lance beds in the Lost Spring coal fiekl, w'hich is on the westeni 
border of the great Tertiary^ lignite area. Tliere are traces of the 
coals seen farther west, but only carbonaceous shale was found. 
The Fdx Hills, Lance and Fort Union appear to be conformable 
in this region. The highest rocks in the Black Hills area of north¬ 
eastern Wyoming are sandstones, shales and lignites* in al! aljoiit 
2,500 feet, as determined by Darlon. That student hesitated to 
identify these beds as Liramfe, because it W'as not possible to deter¬ 
mine whether or not they arc eonlormable to the underlying Fox 

M Fcnncman and H. S. Gale. Bull. p- 2^. 
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Hilb. The relitions of the Lance formation have been subject for 
nuich disctission; the testimony of ptant and animal remaiti^i w con¬ 
tradictory^ In no mconsickrable area, the Lance is ennformabk ta 
the Fox Hills. Winchc^ler in a recent note, sunmtaridng results 
obtained by himself and his assistants* in eastern WyoiningT 
that Unce overUes Fox Hills. It is subdivided into three members; 
a lower undiflcrenliated portionp 425 feet thick; a middle^ lignite¬ 
bearing portion, the Ludlow* at least 350 feet; and an upper marine 
member, the Cannonball 225 feet. The niarinc fauna of the Can- 
uon?>aU Is very similar to but not identical with that of the Fox Hills, 
while flora of the Ludlow cantiDt be differentiated from that of the 
Tertiar>' Fort Union.®* 

The eastern half of ^lontana is a rolling plain covered with Ter¬ 
tiary and bter deposits, the mountains of states at the south having 
disappeared. j\nticlinals have brought up the liighest members of 
the Cretaceous, The Lance, taken by the uxiier as the eastern ex¬ 
tension of the Laramie^ has at base the Colgate sandstone, which is 
QO to 175 feet thick and contains no coal -except at one locality* 
where Hance saw' a lens only a few hundred yards long- The 
upper part of the l^nce, about ^OO feel, has variable seams of lig- 
Elide coal, but all are lenticular. Some observers note great irr^i- 
larity in the deposits, which appear to be fresh'Watcrr throughout.** 
W^est from the 109th meridian, one approaches the mountain re¬ 
gion and finds the whole Cretaceous exposed. In northem Fergus 
County, the Lance appears to be present* but the relaliotis of the 
beds are not altogether dear. Near the Craay ^lountains in 
Meagher Comity, Stone found 1,200 to ^,Soo feet of shales and 
sandstones, w^hich he places in the Laramie; but the Lennep sand¬ 
stone, at the base, 200 to 4OO feet thick, is known now to be Fox 
Hills. Lenses of coah a few' inches thick and of insignificant hori' 
zontal extent, are present in llic T.aramie. Not far ivestward from 
this district shore conditions prevail and a continuous formation, 

Gr Woodruff, Bull 34 L 1^09. PP- scO, io£: Bull jSl, p. 173^ C. W, 
Washbnrnc, Bull 34 L pp- 167+ ; C. H. Wcgemajiti, Bull 471-F, 191a, 

pp. :26^ 30; D, El, Winchejlfr^ Bull, 471-F, p. 3^; iVash. -dreid. Sei.j, VoL 

VIL K9i7i p- H. Darien, Pref Paper 65, 1905. p, 58. 

R, Calvert, C. F. BuMrcD. F. A. Herald, J, ll, Haucc, Bull. 471-D, 
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the Livingslon, occupieii ihc whole interval from near the base of 
ihc Pierre to the lower portion of the Fort Union.'™ 

Tn Teton Coimty, on the Canadian border and near the western 
boundary of the Cretaceous. Stebinger saw ySo feet oE clay, clay 
shales soft gray to gTccnish gray cross-bedded and rippled sand¬ 
stones with coal seams and sonte lenticular limestones. Apparently, 
the succession from Lower Cretaceous to the top of the Focene is 
conformable throughout. This mass, placed by Stebinger at top of 
the Cretaceous column, is shown by tracing tO' be the St. Mar>' for¬ 
mation ot Dawson in Alberta. Its sandstones contain fossil wood. 
Coal seams occur at lop and near the bottom, but they arc too thin 
and uncertain to be o£ economic importance. The persistence of a 
coal horizon near the base proved, as Stebinger observes, the exist¬ 
ence of widespread though transient coal-forming conditions soon 
after deposition of the great Horsethief (Fox Hills) sandstone. 
The coal scams improve neat the Canadian border.^' 

Passing over into Canada, Dawson in southeastern .Alberta 
placed a great mass of deposits in the Laramie, but later studies have 
made evident that only the lower division should be referred to that 
formation. This, the St. Mary beds, is, at least in part, the same 
with the Edmonton of Dowling and wHth the Lance in Wyoming 
and Montana. The formatton, about ;2,S00 feet thick, is of fresh¬ 
water origin except at the bast and in its upper portion has sand¬ 
stones which are cross-bedded, rippled and with worm borings," 
Dowling" nieasured about 3,000 feet on Oldman River, mostly 
sandstone with sandy shales and some thin coals at the base. In 
the Sheep River district, two seams w'trt seen near the Foothills, 
but farther east on Sheep River there Is only one. Tyrrell" studied 
a large area in eastern Alberta betivcen the Red Deer and North 
Saskatclicwan Rivers, At the south near Red Deer River, he saw 
lw*o Important coal seams near the top of the formation, each about 

«R. W. Stone, Ball, 341, pp- S4; R- W. Stone vid W. R, Cahert, 
Ecoh. Gnt; Vot. V., tpio. pp. S 5 t- 55 ?t 633-669. TA^- 7 ^' 

** E. SteljinKer, Bnll, 621-/, . 191^ pp. 124, 137. liS. 143. 
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lo feet thid;; but he did not find them persistent. In the North 
Saskatchewan portion of the area, the important coal h also near 
the top of the formation. The chief seam was seen first near W'in- 
tcring Hills as a bed of carbonaceous shale; but farther north it 
becomes coal and increases steadily until it becomes 25 feel thick. 
Several seams were seen in the lower portion of the formation, but 
the most persistent horiaon is about 160 feet above the Pierre. 
Cross-bedded sandstone was observed at many localities. 

About twenty-five years later, when the region had been opened 
up. Dowling^’ reported upon the Edmonton District, a portion of the 
area studied by Tyrrell. There he found about 700 feet of Larnmte 
(Edmonton, St, Mar>^). a succession of shales and sands, too often 
merely clays and sands, a brackish-water formation between the 
marine Pierre and the fresh-water PashkapOO of the Tertiary. It 
is rich in coal seams, w'hich increase from south to north. The im¬ 
portant coal horizon is near the lop of the formation and it has been 
followed from the Red Deer to the Pembina River, becoming thicker 
tow'ard the north and northwest. Three seams were seen on the 
Pembina, of which the highest is 26 feet thick: on the north Sas¬ 
katchewan, a seam, belonging to the same coal group in the upper 
part of the formation^ is 25 feet. Below the middle of the forma- 
tion, Dowling saw* another coal group; some of its seams are lenses 
of moderate extent, w'hile others have been traced by borings under 
a considerable area: but they vary greatly in thickness and may be 
lenses. Dowling is evidently far from certain that the main scam 
of the region is persistent. 

McConnell" states that the Laramie in northern Alberta has nu¬ 
merous seams of inferior lignite and ironstone. Rose reporting on 
the Lance of southwestern Saskatchewan, refers to the fontiation 
as a transitioit from the marine Fox HilLs to the fTesh-w'aler Fort 
LTnion. llie rocks ate slightly consolidated and the seams of lignite 
are unimportant. 

B. E, Dowling, Metnok lOlOv pp. 13, iS, 27^ 2S. 
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The Fox HUis, Lennep Santifione, Harsethief Sandslone. 

Ill this study the tr-Tinsition beds Irom the maritie Pierre to the 
fresh-water Laramie are taken to be the Fox Kills. At irery manj 
locaUties, where the higher members of the Cretaceous have escaped 
erosion, this transitioTi formation is a shore or offshore deposit of 
more or less coarse materials, with fossils, mostly marine but ac¬ 
companied at times by brackish-water forms. Within some basins, 
coal scams of great economic importance are present, while m others, 
coal is wanting or in such atnall fpintitity as to possess only geological 
interest. 

Reports on the San Juan Basin to which the writer has access, 
give no details sufficing to determine whether or not the Fox Hills 
Is present in any considerable part of the Basin; but a section by 
L H* Gardner, cited and discussed by Lee.*' shows that it exists in 
the northern part. The Pictured Giffs sandstone. 394 feet thick, 
mostly gray sandstone, contains marine fossils to the lop. It un 
derlics yy feet of brackish to fresh-water beds, in which coal seams, 
4 and 12 feel thick were seen at 4 and 57 feet from the base, Lee 
includes these in the Uranue," as there appears to be uncertainty 
respecting the relations of some parts of the column, ^io coal has 
been reported from the Pictured Cliffs sandstone. 

The existence of Fox Hills is equally uncertain in the Uinta 
Basin of western Colorado, Fox Hills conditions recurred at vari¬ 
ous horizons in the Pierre of this basin, as they did in central New 
Mexico, so that the earlier observers recognized both Fox Hills and 
Laramie in the Pierre beds. But there is no room tor doubt that 
the formation exists in the southeast prong of the Colorado portion 
of the Green River Basin; for there Gale** found the Ijasal saiid^ 
stone of the " Laramie," resting on the Pierre, with a marine fauna, 
me thick coal bed at Craig apparently belongs in the Fox Hills, 
About 50 feet of this formation has escaped erosion in North Park, 
Colorado, where it rests on the gre.at mass of Pierre shale. There 
Beckly obtained marine shells and the fucoid HufvmcnifM ino/or 
from this sandstone; but no coal is present.** 

*r W- T. Lee. 3 «H. Geoi Sor. Am^.. Vol. 23 . 1912, PP i 8 ?- 5 Pi. 
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The relations arc suffidcntly clear in the main ponton of the 
Green River Basin with Wyoming;. In Uinta County, the basal 
200 feet of “Laramie'" with altemalitjg marine and land deposits 
includes amon^ others the great Adavillc^-Lazeart coal ^catii, lo to 
S4 lect thick; Vealch's brief summary of the coals gives no detaib 
re.specting the accompanying rocks. Schultz found in the Rock 
Springs held of Sweetwater County a yellowish ivhitc sandstone at 
base of the “ Laramte," overlain by sandstones, clays and coal beds; 
in some places fossils n!}Ouiid. The basal san<btone rests on the 
upper member of the Pierre, The coal of this Fox Hills is tu- 
ferior and is no longer mined. Smith reports that in northeastern 
Carbon County^ marine fossib are present up to 500 feet from the 
base of the '^Laramie/' which, he says, is a common condition in 
southern Wyoming and northern Colorado. Here as in other l^arts 
of the basin, a great sandstone is at the base. Coal is present tn 
the Fox Hi Us* but the beds arc uninipomntj the thickest being only 
IS inches. Vcatdi^® separates the beds with rnariitc fossib in cast 
central Carbon from the Laramie and places the great white sand¬ 
stone with its overlying beds in the Pierre. No occurrence of coal 
is noted. Ball and Steblnger in southern Carbon place the sand- 
stoiTC and the overlying beds in the Laramie, but state that marine 
fossib have been up to 400 feet above the sandstone^ ITiey give 
no detalb respecting the character of the beds and apparently they 
saw no coal. 

ITie Raton-Trinidad coal field of New Mexico and Colorado is 
at the eastern foot of the Front Ranges. The earlier students re¬ 
garded tlie coal-bearing rocks as confomiablc throughout and placed 
theni in the Laramie. The numcrou-s unconformities obser\^ed were 
thought to be merely local variations, characterizing deposits on 
the rudely level strand area* Lee, however, has proved that the 
irregularities arc far greater than imagined by his predecessors and 
tliat a great unconformity by erosion sepanites the column into the 
Raton and Vermejo fomiations, the former most probably of Ter- 
tiary age. The Vermejo, resting on the Trinidad sandstone^ is 
taken by the w'riter to be Fox Hills but Lee 15 inclined to regard \l 

« A. C. Veateb, Bull 283, p. 353: Bull. 316, jcwy. pp, ajQ, 248; E. Z, 
Smiib. Bu!l 341; p?. 225. 228. 229 i M. W. Ball and E. S^cb^^f:c^. Bull 
247 ; Bull. 3S1, toiov n. 193- 


STEVENSON—INTERRELATIONS OF FOSSIL FUELS. SS 


as Sdtncwhat older, At the same time, in view of conditions farther 
north along the eastern foot of the Front Ranges, the writer feels 
compelled to abide by his opinion expressed 35 years ago. that m 
lai^e part, at least, the rocks belong to the Fox Hills. ITie basal 
sandstone known now as the Trinidad sandstone (Halymenites sand¬ 
stone of Stevenson), contains some marine fossils with great ahim- 
dance of the fncoid, Mclyitsftiites viajor; the overlying beds, with 
extreme thickness of about 500 feet, are prevailingly sandstone with 
mterbedded shales and coal seams. The rocks have fossil leaves, 
which are older than Laramie and a few marine fossils have been 
seen. The coal seams arc numerous but are indefinite, varying so 
greatlv in thickness and relative position that correlation, especially 
of the higher ones, is not possible. All are excessively variable tu 
the New Mexico portion of the field, but some of them attain im¬ 
portance in modest areas and are mined extensively. In the 
northern or Colorado part of the field there are from one to 8 seams 
in the 250 feet above the Trinidad sandstone. This group is per¬ 
sistent and consists of lenses, which frequently are workable. Near 
Sopris, the seams “thicken and thin out characteristically;' they ate 
broken bv partings and the coal is dirtj'- Near Trinidad, the coal 
is sometimes without a parting. The accompanying rocks are as 
variable as the coals. Near Fictou. 3 seams are mined. At the out¬ 
crop, the iutcrv^als are 15 and 30 : but at 2.500 feet in the mme. 

the upper and middle beds have united and the interval to the lower 
one is but so feet. The coal seams are not persistent and ream la 
found in the northern part of the field. 
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On the northern side of the Raton plateau, a sandstone at yo feet 
above the Trinidad coal bed, contains many weather-beaten tree 
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trunks along with wonn borings and imi>rc$$ion'Iike 
The extreme! of conditions on the sandy flats, where coal 

accumulated* is shown by variations in the Trinidad coal bed, mined 
at Engle and Stark^dile, Stevenson’s measurements arc given in 
the preceding table. 

These measurements are all within 3 miles from the first and the 
posiiion to the Trinidad sandstone precludes all probability of error 
in correlation. The Trinidad sandstone is practically without 

Fox Hill$ conditions are distinct farther north on the Arkansas 
River in the Canyon Cit)- coal field. Stevenson visiied this field in 
1&73, but the movements of the parly, to which he w'as attached, 
w^ere so rapid as to give opportunity only for errors. He visited it 
again in iSBi and Washburne examined it in detail during JyoS. 
These observers recognized the Trinidad sandstone, from which 
Stevenson, in both visits, obtained The Vermejo for¬ 

mation is about 500 feet thick, including the basal sandstone and 
its np|>crmost member is a massive sandstone, 145 containing 
abundant HotynttmleSr According to Washbume, this member, 
nearer the mountains, loses its marine fossib^ is less massive, is 
cross-bedded and has all the characteristics of a flu via tile deposit 
The coal seams arc numerous and some are important. One, 
resting on the Trinitlad sandstone, is 3 ft. 4 inches thick with at 
times shale, at others, sandstone as the roof* the less thickness be¬ 
ing under the sandstone. The shale is o to 7 feet thid;, showing 
that the erosion followed deposition of the shak. Sandstone 
rolls ** were seen by Washbume in a bed about 275 feet above the 
Trinidad sandstone. These extend for long distances and the sand¬ 
stone passes through the roof day, often through the coal to the 
floor. These ** rolls have rounded bottom, cur\'ed sides and the 
trend is toward northeast thronghout the mine. The current bed¬ 
ding in the "'rolls"' mdicate,s a northeast floiiV for the streamrs. 
Resin occur=5 in the Imvest coal scant 

Fox Hilb has been recognticd in the Denver Ea^in by Eldridge 

j, J. Steven^Qu, U. S, Geog. Expk W, of looth Mtr., V0I. III., sppl, 
iSSi. pp. J02 ff.; G. B. RkharFi^an, D«1L j&t, ipie, pp, 395^ 41 j; w, T. 

Lee. Bail Sof, Ain^r., Vol. 1913; p. 61 r. It is imfortunaic that Let's 
ehbfifatc report on the Raton Coalfield is 5till unpublished. 
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and by FermemaJi,*' who assign to it a thickness of 8oo to 1,200 
feet. These observers recognised no coa] in the Fos Hills, as they 
took the ini.|5ortatYt coal seams of the basin to be Laranue. But 
Stevenson" saw coal in rocks of Fox Hills age at 5 miles southeast 
from Evans, about 40 miles north From Denver. From a sand¬ 
stone overlying coal he obtained ,'lw!7iioi(ifrf /oiohu, Cord/i'mit 
sfiedosittn, Mactra alta. Macira mirrctthna, Lutsatia m^reauensis 
and dficliuro. ITte Halytiietiites is abundant. 

The deposits in we-vtern Wyoming, which earlier observers 
termed Fox Hilts, are kncnvn now to belong to the Pierre, but the 
formation is present in some areas. Tlte L:i ramie in the north¬ 
eastern part of the Bighorn Basin, 150 to 700 feet thick, is appar- 
entiy Fox Hills. It is mostly a massive sandstone but contains 
some seams of coal, occasionally workable tliough of cioality in¬ 
ferior to that from older formations. East from Bighorn Moun¬ 
tains, the Fox Hills was recognized in the Lost Spring field by 
Winchester, in the Sussex field by Wegemann and in the Black 
Hills by Darton, but no coal is reported from any locality, c.Ncept 
one, where Wegemann saw a deposit of ‘"unusual variability in 
thickness and cjuality.’'** 

The Fos Hills is known in northwestem Montana as the Horse- 
thief sandstone described by Stebinger, as the Lennep sandstone of 
Stone and Calvert in the cei>tral part of the state. Stebinger traced 
the Horisethief sandstone across tlie Canadian boundary and proved 
its contiiiuitj' with the Fox Hills of Dawson. He describes the 
sandstone as 3^ thick, bufi, coarse, massive and much cross- 
bedded ill the upper half, but becoming slabby aud more or less 
shaly toward the base. Usually the fauna is brackish, Ojfrcti, Cor- 
bicuh, Carbuia, and Anomia, btit at some horizons it is marine of the 
litoral type, Ta»cTfdia, Cardium and Madra. In his paper of 1914, 
he shows that the Horselhtef sandstone was at one time continuous 
from the Tclcti district at eastern fool of the Rocky Mountains to 
«G. H. Eldtidge. Man. 27. pp. 69, 73, 7 J: N- Fcnneman. BulL 
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Che Black Hills on the Wyoming border. . No coaU aside f rom some 
insignificant lenses, has been seen in this northern extension of the 
Fox Hilts; and the conditions are the same in Alberta.** 

The Fferre Fonnation. 

Thus far the tracing has been comparatively simple. The Lam- 
mie and Fox Hills mark the closing portion of the Cretaceous and 
conditions appear to have been much the same in each tbroughimi 
the whole region. But during the Pierre, conditions near the source 
of sediments were wholly different from those in the great area 
beyond. On the eastern side, the rocks arc almost w'holly shale and 
without coal, while on the ivestern and southern sides there are 
great deposits of sandstone and sandy shale with, in some areas, 
important coal seams at several horizons. At the east, the fossils 
are marine hut at the west and south there are marine and brackish 
as well as fresh-water horizons. The offshore and strand conditions, 
marking strife betivccn advancing land and the sea, are evident from 
the recurrence of a fauna allied to that of the Fox Hills as well as of 
sections showing a succession like that of Fox Hills and Taramie, 
a gradual transition from marine to continental deposits. In the 
description of widely separated areas, local terms based on litholog- 
leal features became necessary, hut the resulting confusion has been 
removed by the labors of <thc students listed on an earlier page and 
the relations are now well understood, though in some areas there 
still remains uncertainty as to the planes of separation. 

In .Alberta, Montana an<I northern Wyoming the Pierre is di¬ 
vided into Lewis or Bearpaw shale, Judith River formation. Gag- 
gelt shale and Eagle sandstone: the last, overlying shale. This 
order, descending, is distinct from the Bighorn Basin of Wyoming 
northward into Alherta, but, at a short distance westward, where one 
approaches the western limit of Cretaceous deposition, some modifi¬ 
cations in nomenclature and grouping become necessarj*. Karther 
south in Wyoming, Colorado and Nciv Mexico, the succession is 
given as Lewis shale, Mesaverde formation and Mancos shale. The 
term. Mesaverde. is indefinite: it is the sandstone meiwber of the 
Pierre and is more or less coal-bearing. In some extensive areas it 

*»E. Stefainprr, Bult &t-K, igtfi, p. « 5 ; Pr<,f. Pap«r oo-C. p, 62 , 


STEVENSON—I NT ERREL AT [ONS OF FOSSIL FUELS. g 7 

enibmce^ practicnlly the whole of the Pierre, while in others it but 
the middle portion. Miincas is another litholc^icat term, designat¬ 
ing the mass of shale underlying dig Mesaverde. so that in ttiany 
districts it tncLudcs the Lower Pierre as well as the Niobrara and 
Benton. The signiricance of the several terms will appear in de¬ 
scription of the districts. 

The Pierre in the Parks of Colorado and cast from the mcridtaa 
of the Front Ranges of Colorado consists mostly qf shales, becom¬ 
ing sandy toward tlic top. with irregular lenses of limestone and, id 
the upper portion, huge calcareous and ferruginous concretions. 
Sandstone is wholly unimportant except in the Boiiider district of 
the Denver Basin, where Fenneman saw,®* at one third way from 
the base, the Hygiene sandstone, winch is several hundred feet thick 
w'cst from Berthoud, but only 250 feet at the north end of the dis¬ 
trict. The thickness of Pierre in this region is not fully determined; 
Eldridge gives 7.700 to 7,900 feel in the Denver Basin, but Fcnne- 
man gives only 5,000 in the Boulder district of that basin. Near 
Canyon City on the Arkansas River, oil-borings found 4,500 feet, 
while farther south on the ea.sEem border of the Raton-Trinidad 
coal field, the thickness appears to 1 m considerably less. 

But the change is startling between the soulhem termination of 
the Raton field and Cerillos, a distance of about too miles in west 
of south direction. .At Cerillos, one is on the same meridian with 
the Park area of Colorado, where the Pierre is almost wholly shale, 
whereas here it is largely sandstone. Some small isolated coal 
fields remain farther south. 1 he Engle, unimportant from the 
economic standpoint, has coal-facaritig rocks, which as Lee®^ has 
sho%vji, rest on deposits of Benton age. ^\cgcmann found similar 
conditions in the Sierra Blanca field about 80 miles west-northwest 
from the last. Both authors are inclined to refer thecoals and asso¬ 
ciated rocks to It he Mesaverde. because the general conditions re¬ 
semble those observed farther north in the Cerillos field. In the 
absence of conclusive information, the writer is indtneci to suggest 
that the coals may he of Benton age. The Sierra Blanca area is 
not far from 120 miles south from the Cerillos field and by so much 

“ N. M, Pccuerfian, Bull. 365, 1905^ pp. Ji+ ^ 

W. T. Lee. Bull, a8s, 1905, ft. 240; C. H. Wegemann, Bull. 541-/, p, ,0, 
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nearer the source ot sediment. One should exjjeet to find in that 
direction the same conditions as appear on the ivestem border, where 
important coals occur in the Benton. 

The Cerillos coal field, a Few miles south from Santa Fe, New 
ilexico, has been examined by several geologists whose conclusions 
are not in agreement,®* Stevenson thought that the coal-bearing 
group belongs to the Laramie; Johnson referred it to the Fox Hills; 
but Lee recoguiied the true relations and tletermined that it is 
Mesaverde, the Middle Pierre in this field. The coal group is 
about t,20Q Feet thick and rests on Mancos shalCi of which the top 
ijo feet carries Pierre fossils. The basal rock of the coal group 
is a sandstone, 300 feet thick and without coal. It has an assem¬ 
blage of fossils which suggests Fox Hills conditions. The coal 
seams are numerous but variahtc. The sections of one bed at four 
openings, as given by Stevenson, are 


Cwil .. . I ft. 2 in. Thin Streaks 

Cby .. ilLain. 6ft.otn, mftoin. 

Coal .. afLain. aft.^in, 4ft.7in. 


Coaly shale .... 3 ft sin. Absent Absent 


Abaietit 
8-tQ ft 
3 ft 10 in- 

I ft 


In on€ mine the coal has heen replaced with sandstone in a space 
75 feet wide and several hundred feet long, a ca&e of conteniporane- 
OU5 erosion. Gardner** saw an apparently similar replacement in 
the Omcra field, east from Cerillos. At 500 ^^e outcrop 

id a mine, the roof descended and cut out the coal. In 1879- 
Stevenson noted a ripple-marked sandstone and an undcrclay with 


roots. 

The only information available for present purposes, respecting 
coal fiekls beiiveeti Cerillos and the great San Juan Basin at the 
west, is contained in Lee’s publications.*® The Hagan field directly 
west from the Cerillos differs notably from the latter. The most 
striking difference is due to increase oF Mesaverde at expense oE the 

« J. J. Stevenson, U, S, Geo|!. Expl. W. ol i««h Mw., Vot, IlL. SuppL, 
pp, 14? IT,; N. F. Acad. Sci, VqL XV, l8g6, pp. 105ff.; D. W. Johnson, Sth, 
Umet OMorf,, Voli. XXIV., XXV., 1903; W. T. Lee, Bull. Geol. Sec. Attier,, 
Vot. 23. pp. flta. *581 Bull 331-./. 19 * 3 : Prof. Paper oS-C, 1915, p. 41, 

*aj, H.'Gardner, Bull, 381. 1910, p. 448- 

« W. T. Lee, Ball 389. 1909, pp. B«i/. Ctel, Set. Arntr., VoL 23, 

PP, 62^-642. 
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underlying Mancos. The lower portion of Mesaverde in Ccrillos 
is ihe great sandstone, 3/00 feet thick; hut in Hagan it is about 900 
feet, mostly sandstone, without coal and with T*ierrc fossils at sev¬ 
eral horizons. The coal group immediately overlying it is iBo feet 
thick whh 5 coal seams, of which one has local importance. This 
averages about 3 feet in a small area and underlies a massive coarse 
sandstone, cross-bedded and containing petrified wood. Thin 
streaks of coal were seen in higher parts of the column. The whole 
thickness is about 1,830 feet and the upper half has no marine fos¬ 
sils, The Tijeras coal field, at 23 miles southwest, gives clearer 
evidence of land conditions. The lower portion of the Mesaverde 
is only 700 feet thick, but it contains 3 coal beds, 2 inches to 3 
feet thick, proof that the broad sand flats were free from sca4nva- 
sion long enough to permit accumulation of peat in the hollows of 
their irregular surface. The lithology changes above the upper¬ 
most marine sandstone. Exposures are such ns to make measure¬ 
ments indefinite, but the presence of what the writer takes to be the 
Cerillos coal group is distinct, for two coal seams, 3 feet and i foot 
6 inches, were seen. This upper portion contains no marine forms. 
The basal deposit is a massive sandstone, IJ5 feet thick. 

The Rio Pucrco field, beyond the Rio Grande, is about 25 miles 
west from Hagan and Tijeras. Lee pves 1,700 feet as the thick¬ 
ness of Mesaverde, but thinks that the upper part has been removed 
by erosion. The Mancos (Colorado) shales arc but 1,113 

^hey are 2,33^ feet at Cerillos, The Mesaverde has many 
horizons of marine fossils even to the tt^l but. at about 300 feet 
from the lop as here exposed, it has a coal group, 183 feet, with 16 
coal seams, all v'ery thin; and another, about too feet thick, with 
one of the beds 6 feet thick, at 45'> sandstones 

contain fossil leaves in abundance, the Iwse is a massive marine 
■ sandstone, the Punta dc la Mesa sandstone of Herrick anti John¬ 
son.** which is 77 feet thick. The former existence of another coal- 
bearing group Is shown at the lop of the column, where Lee found 
at some localities a shale with thin coal. At the .same time it scemv 
probable that the upper coal group represents that at Gerillos. Ixe s 
suggestion that ihe 30O feet of marine sandstone and sandy shale at 

*1 C. I- Herrick and D. W, Johnson, BuU. Univ, Nuu- Mex., Vok II., p. 6. 
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the top of the ■section may represent the Lewis shaJe is xcty far 
from iniptobathle; there ap|>ears to he good reason for Ijelieving 
that the Moiaverde of Rio Ptierco includes the whole of the Pieirep 
whereas at Cerillos^ Mesaverde is Middle Pierre. 

Pierre deposits are exposed on the borders of the great San 
Juan Basiiu Information is lacking for the southern prong of this 
basin hut is fairly abundant for the main i>arL northward from 
35'^ though comparatively few details have been published. 
Gilbertp*^ during the reconnaissance in measured a tong sec¬ 

tion of Cretaceous at Stinking Spring, i2 rnilfs west from Fort 
Wingate in New Mexico. This shows about 700 feet of yellow 
shales, yellow sandstones with coal beds^ resting on 1.050 feet of 
sandstones and mostly sandy shales* Of the 7 coal seams, j reach 
vvorkalble thickness: one of them is triple, the benches being 4, 5 aurl 
2 feet, separated by 5 feet and one foot of shale. There is no coal 
in the basal 200 feet. The Cretaceous in this region is one litho- 
logieallyj characterized by sands, by coal, by rapid altemarions, 
by ripptemarks and by oysters, it is evidently an qff-shore deposit."* 
But fosalb offer basis for subdivision: they are abundant in the 
lower S50 feet, which may be taken here as representing the shore 
facies of Colorado or lov.Tr portion of the Mancos, as that appears 
in the type locality. 

Thirty years later, Schrader** made a reconnaissance of the 
eastern side of the basin* from Gallup, near Fort Wingate^ to the 
northcru border in Colorado. The section is longer than at Stinking 
Spring and during the 30 years interval the coal bed had become 
important. He found shales and sandstones, 2.000 to 3*000 feet 
thick, with the Upper Coal Group in the lower part; shaks and 
sandstones, 500 to 800 feet, with the Middle Coal Group near the 
top; and 500 to i.ooo feel of Colorado shale, with the Low^er Coal 
Group nii^r the tojx The Upper Coal Group is about 100 feet thick* 
and contains 6 vwkable coal seams, 5 of w^bich have fireclay floors. 
The Middle Coal Group appears to be the same with that of Gil¬ 
bert's Bcclion, The coal scams throughout appear to be irregular, 

G. K. Gilbert, XI. S. Gccg. ExpEor. W of ioolh Mer., VoL 111. 1875, pp 
544. 54Q. 55n. 

F, C Schrader, Bull. 385, ipo6, pp. 242, 354 255, 
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Gardner** afterwards examined this tine more in detail. Here 
he re|;ardcd the upper aiid nriddte groups of Schrader as Mesaverde 
(here evidently in part Lower Pterre), to which he assigns a thick¬ 
ness of about 1,000 feet east from Gallup. The coal seams arc 
numerous but variable; " within a few miles, thin beds undoubtedly 
thicken to valuable properties and thicker beds thin to mere traces.” 

Farther north between San Mateo and Cuba, the Mesaverde, 
1,200 feet thick, is coal-bearing throughout. Near the top is the 
first apjiearance of the Lewis shale, w'hich contains much sandstone 
and sandy shale. There, one is tittle more than 40 miles north¬ 
west from the Rio Puerco locality, where Lee found marine fossils 
at top of the Mesaverde and thought that the deposits might be the 
cfiuivalent of Lewis shale. No trace of that shtkk is reported from 
any locality farther south in the San Juan Basin. Along this por¬ 
tion of the outcrop, the Mesaverde coal seams are in two groups, 
separated by 300 feet of barren measures ; the seams are all lenticu¬ 
lar and in several instances have bony coal at top or bottom or both. 
Gardner’s observations north and west from Cuba are imiKjrtant. 
At a little north from GalUna, 14 miles north from Cuba, the Lewis 
is 2,000 feet while westward it becomes only 250 near Raton Spring, 
C/ardner thinks this westward change due to replacement with sand- 
stone, which has been regarded as Mesaverde- The condition south¬ 
east from Cuba confirms the suggestion, for there the Mesaverde is 
but 719 feet, with no coal in the basal 300 feet and only coaly shale 
or thin coals at widely separated horizons in the upper part. The 
thinning is more notable beyond Gallina, w'hcre the &Iesaverde is 
but 2t4 feet and contains 14 coal seams, of w'hich only one is of 
workable thickness. The coal is siibbituminous, occasionally resin¬ 
ous and the seams are variable to the last degree. The Mesaverde 
is limited, top and bottom, by massive sandstones which persist 
' although the section is decreased. Lee** states that Ganlner's cob 
lections from Lewis shale and from Mesaverde south and southeast 
from Cuba, are marine. He saw great numbers of petrified stumps 
and logs in the lower part of the Mesaverde near Cabezon, where 
the upper part of the Afanens has Pierre fossils. 

« J. H. Gardner, Bull 34it 1909. pp. 339, 343. 34S. 3^ 372. 377i Bull. 381, 
1910. pp. 463. 4?o- 

** W. T. Lee. BvlL CfVl. Soe. .‘Iwu-r,, VpI 23, pp. 619-621. 
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It would appear from th^ observations by Lee and Gardner that^ 
in this portion of the basin, the Mesaverde is again Xliddle Fieire, 
The sea area extended as a gulf southward as far as Caheason's 
latitude and the sandy memher of the Pierre must have disappeared 
at only a little way cast from Gallina. 

Shaler^'’ examined the weslcm outcrop in the San Juan Basin, 
lie rejKirts that Lewis shale, only 250 feet thidt where fii3t recog¬ 
nized at the sonth, becomes 2,000 feet farther nortli bnt diminishes 
to i,6qo feet at the northern outcrop. The MeSaverde, massive 
sandstone and thin interbedded shaks and sandstones writb coal 
scams at the southn shovvs the triple succession at the north, where 
the thichness is from 750 to 1450 feet. He observed "'horsebacks " 
and " rolls ” in a Mesaverdc seam near Gallup, Aloug the northern 
outcrop in Colorado, Cross and Spencer^ found the highest memher 
of the Pierre, named by them the Lewis shale, well defined. The 
Mesaverde, named by W. H, Holmes, is tripkt the two great e^rp- 
ment sandstones with betw^ them a coal group of sandstones, 
marls and coal seams. The whole thickness in the La Plata rjuad- 
rangte is hardy 1,000 fed, that of the coal group being 600. The 
coal seams arc variable and the authors look upon them as a series 
of lenses. The Mancos shale named by Cross, has Pierre fossils 
in the upper several hundred feet/* so that here also, one has the 
condition observed on the opposite side of the area, at Cerillos, where 
Mesaverdc is the Middle Pierre. In the sputhem part of the San 
Juan Basin, it would appear that Mesaverdc and Pierre are prac¬ 
tically synonymous terms, Gardner's’^ observations are of interest 
in this connection. He traced the ^lesaverde around the northern 
border from Durango, Colorado^ to Moncro, New” Mexico. It is 
about T,oao feet thick near Durango but decreases easlw^ardly, so 
that it is only 400 feet at the Piedra Hiver, 60 miles from Durango. 
This is in accord with Scliraderis observations and with those of 
Gardner in the Galtina ar<^. One seems to be justified in suggest¬ 
ing that the Mesaverdc disappears at a short distance cast from the 
San Juan basin, giving place to the shaks, which arc present in 

M K. ShaTcr. Bull ji6, P&rt 1907, pp. 378, 41^ 

W, Crass. " TcUunde F&tio, 57 " : W. Cross and A C SpenMr, 

" La Plata Foko, No, 60/' 1899^. ■ 

** J. H. Gartincr. BulU 34!^ p. 353. 
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Colorado on both sides of the Front Ranges, Near Durango, three 
workable coal scams are present within a vcrticaJ distance of ico 
feet, midway in the Mesaverdc; these become insignificant tow'ard 
the east and no workable seam was seen along the outcrop for more 
than 6o miles. But at Jloncro iu New Mexico, three seams of 
Avorkabk thickness are present in a verticaj distance of too feet 
above the basal sandstone. 

The Uinta Basin extends from the westerly toot of the Wasatch 
Bifountains in Utah into uorthwestem Colorado and has an area of 
not far from io,000 square miles, being a little larger than the San 
Juan Basin. The Utah prong, knowm as Castle Valley, was ex¬ 
amined by Taff and by Luptoii, while Gilbert has given the section 
in the Henry Mountains about 50 miles southeast.” The highest 
Cretaceous beds in the Henry Mountaius are the Masuk sandstone 
and Masuk shale of Gilbert, the former containing coal seams 1 it is 
thought by Lupton to be most probably Mesaverde, Lupton made 
no detailed study of the Mesaverde in Castle Valley, but estimated 
the thickness as not far from 1,300 feet and notes that it contains 
several important coal beds in a section of 5^ feel, beginning at 
300 to 300 feet from the base, Taff notes the triple structure of the 
Mesaverde, the two sandstones separated by the coal group. The 
coals are numerous but are imjjortant only in the lower 350 feet of 
the group. The coal is massive, bright, clean, bituminous and con¬ 
tains much resin, Partings are usually insignificant, but Tail saw 
one in a thick coal seam, which increased from nothing to 16 feet 
within 2,000 feet. The roof and Boor of the coal seams are often 
sandstone. 

Richardson examined the southern side of the basin between 
Sunny side, Utah, and Grand River, Colorado, known as the Book 
Cliffs coal field.''' The thickness of the Mesaverde is given as 1,200 
to 2.200 feet, the variation being due to erosion. Tlic underlying 
Mancos shale contains Pierre fossils in the upper 250 feet and is 
nonfossiliferous for a great thickness below: so that the Mesaverde 
is not lower than Middle Pierre. The sandstones of the formation 

*“ G. K, Gilbert, “ Geology of the Henry Mountabij,” U. S. Geog. iwd 
Geol, Survey of llic Rocky MemnUta Region, iSy?. PP. 4-l0! J- A. Taff, BulL 
s8s. loofiv pn- agS: C. T. Lupton. Bull. 638. 1016, p. 34- 

T« G. B. Richardisian. Bull, jyi, 1909. pp. 7-J9 
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ate lenses and are the marked features ot tlic Book Cliffy t ^he loiiver 
members contain Ha!ymirmtc$^ major and brackish-water forms arc 
present at many horisiotis. Tlie coal seams ot economic importance 
are confined to the lower joo feet but Richardson's section makes 
clear that the importance in each case is confined to a small area 
and that the seams most be lenses. Near Thompson.^ Utahi at the 
soitthem point oE ihc fieldp there are 5 scams, begimimfif at 490 feet 
from the base: near Price canyon farther nonli^ are 7 beds^ b^fin^ 
ning at 340 feet* while near ihu Colorado line 6 seams, were seen in 
the basal ajS feet, the lowest being only 95 feet from the bottom. 
On the Grand River the section shows to ueams in the low^er 519 
feet. No coal seam has been traced for more than a few miles; one* 
21 leot inches ihicfc, where mined, proved to he a mere lens, which 
disapeared quickly toward the wesL Seams important at the east 
disapjjear toward the west. 'iTiere are coal horlzotis^ not conlinuOiis 
beds. 

The Grand Mesa coal field and smaller fields farther ca$t have 
been discussed by Lee,^^ who has made the relations clear for the 
region east from Grand River. The Upper Mancos is rich in Pierre 
fossils and the Mesaverde is 600 to 2,500 feet thick, the variation 
being due to erosion preceding deposition of ne'wer formations. The 
upper part or nndilferentiated Mesaverde, about 2,000 feet thick, is 
of fresh-water origin, mostly sandstone and conlnins little coal. It 
rests on the Paonia shale, closely allied to it lithologically, and about 
400 feet thick. This has plant remains* fresh'water mollusks and 
imponant coal beds. Underlying this and separated from it in a 
considerable area by an unconformity, are tlie Bowie shales, o to 425 
feet thick, with important coal seams and brackish-water as well as 
marine invertebrates. The basal deposit is the Rollins sandstone, 
usually about 100 feet thick, white, massive, with major 

and marine invertebrates—evidently the basal white sandstone oh- 
sensed by Richardson in the Book Gilfs field. 

Lee recognized a distinct unconformity below* the Paonia; ordi¬ 
narily, that formation rests on the Bowie, but for a con.sidcrable 
space in one portion of the region it overlies the Rollins. This leads 

W. T. Lee. EuJl 510, pp, ip, 45, Bl. fiS, 86, 93, 95. g 3 , loa-lflip. 
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him to suspect thal the unconfomiity timy inditalc a lime interval 
ancl ihat |_xjssibly the Paonia and overly ing rocks may not be older 
than Ij^raniic. The imcon fomdly is distinct for the Bowie de¬ 
creases from 4^5 feet on Grand River to nothing in the Rollins 
district; and it seems to be suggested On Grand River by the irregular 
contact between Paonla and Bowie at Palisades. It may be in- 
judicious, it may savor of temerity for one who has not visited the 
localities to controvert the opinion of one w^’ho has exan^ined the 
ar^ in detail, especially when the latter is a model of accuracy in 
observation and caution in conclusion, but the writer feels compelled 
tp believe another explanation not improbable. The vast area of 
Cretaceous deposition was subsiding until certainly toward the close 
of the Cretaceous as was the Appalachian Basin during Coal 
Measures time: but there were local crumpling^s as there were in the 
A[>f>alachian. In the latter* these have left their records in deep 
stream valleys, filled wdlh later deposits. Similar conditions have 
been observed in the British coal fields. It would he strange if evi¬ 
dences of local elevations or depressiocia w^ercr wanting in the va5t 
subsiding Cretaceous region. The irregular contact on Grand River 
seems to indicate change in direction of drainage on the broad plain. 

h serious argument in favor of assigning Laramie age to the 
Paonia and overlying deposits is the presence of a fionit xvhich is 
described as containing Montana Laramie and even Post-I^ramie 
forms* the Montana forms being few* The origin of a flora is a 
{icrplexttig problem, hut there seems to be no reason to suppose that 
it sprang into existence full-formed and without local forerunners, 
probably at many places. But. be that as it may, the Bow ie and the 
Paonia appear to be continuous ui the eastern part of the region 
described by Lee and no plane of separation has been determined. 
Farther north, just beyond the existing limits of the Uinta Bastn, 
the Lewis shale has been recognized. Tt seems not unreasonable to 
suggest that in the sou them part of this basin as In the southern part 
of the San Juan Easitu fresh-water sandstones may hold the place 
of the Lewis. The doubts must be dis|>eUcd by stratigraphy. The 
** Fox Hills " and '' Laramie "of the earlier students have been placed 
in the Pierre, in spite of the remarkable resemblance to the later 
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formations, i f the deposits under comidemliori underlie the Lewis, 
they belong to the Pierre. 

The undifferentiated Mesaverde on the western border of Lee's 
area consists chiefly of massive cliff-niaking sandstones, about L500 
feet thickj eoiitaimng deciduous and conifer leaves as well as 
Spha:rhim^ Physa and Gotnobasis. Within 22 miles eastward* of 
about 1,000 feet c-Kposed, ycND feet are shales; it may be described 
as shale ^rith thick partings of sandstone^ while near Bowie in the 
Somerset district the shale feature becoities much more marked; 
but in Crested Butte district, the soutlieasiem part of the basin, it 
consists of sandstones separated by layers of shale, llie coal seams 
throughout are thin. 

^The Paonia shales, at several horizons, are rich in fossil leaves 
and ircsh-water mollusks. The lowest coal scam. Cameo of 
Richardson, is at 4 to 10 feet above the great sandstone at top of 
the Bowie; to the w^tem part oE the area studied by Lee, this coal 
horizon scem.s to persist throughout the whole region. This coal h 
double at Rollins, 3 and ii feet with paning of z feet. Thin seams 
are at 80J23 and 219 feet higher at Cameo on Grand River; but in 
the Rollins district 3 workable seams were seen in loS feet above 
the base. Similar irregularity was ohser%'cd in the easterly districts, 
so that one must loolc upon the coal seams as lenses. The quality is 
as variable as the quantity of coal. In one mine on the lowest seam* 
irregular masses of white sandstone descend from the roof and 
occasionally extend across the bed. Cross bedtlcd sandstone was 
seen midway in the section at several localities. 

The Bowie shale, 4^0 feet thick on Graufl River, has a sandstone, 
100 feet, OR top, cross-bedded, vHth worm tubes and //c/yi?fcifjfM. 
Only one coal scam is there* about 430 feet below the Cameo Iwd; 
this is iinimportant and thins away toward the south. I’herc is no 
Bowie in the Rollins district, but it reappears farther east Sn the 
Somerset district, where, uear Bowie, it is 405 feet and has the 
great top sandstone. The coal seams arc numerous and at least 7 of 
them are " rebtivdy thick,'’ aj^egating 38 to 43 feet in this district. 
The thickness of other seams has not been clclcmimcd. The coals 
arc exceedingly variable and they may be only extensive lenses; 
but some of them attain notable thickmess. The Juanita bed is 12 
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fut in one mine near Bowie but — i in another and 22 near Somerset, 
while at another locality, no trace of it could be found. At the 
Johnson prospect, on Mitmesota creek, cast from Paonia. 9 coal 
seams, 2 to 8 feet thick and with total thickness of 43 feet, were 
seen in the lower 300 feet of the Bowie, At the Simonton prospect, 
about 4 miles toward the south, the exposure shows this section, 
beginning at 37 feet above the Rollins sandstone: coal, 2 feet, lO 
inches; shale, 10 inches' coal, 1 foot. 2 inches; shale, 5 inches; coal, 
13 feet, I inch: shale, 6 fect; coat. 16 feet; bony coal. 2 feet; coal, 

7 feet, 2 indies ; in all 49 feet, 6 inches. 

The presence of this gr<=at mass U perplexing. One cannot trace 
the section from the Johnson prospect and Lee concludes that the 
Simonton scam is due to the coalescence of 7 seams of the Johnson 
^ction, or that it is a merely local fleposit. The Bowie becomes 
irregular in districts farther east, somclimes present, sometimes 
absent, and the coals arc extremdy variable in thickness and quality. 

Li-e’s notes show that mineral charcoal is present in most of the 
coals. Toward the Elk Mountains, the region is greatly disturbed 
by plication and by eruptive rocks: the coal is from subhitiiminous 
to hard dry anthracite. The scams arc thicker on antidincs than in 
synclines. In some localities, the stream channels, due to con* 
temporancous erosion, have been filled with white sandstone. 

On the northwestern side of the Uinta Basin, there is a mass of 
deposits, O to 3,300 feet thick, which Lupton^* places in the Mesa- 
— lilt variation in thickness being due 10 erosion prior to dep- 
osilton of the Wasatch beds. The lower half in this Blacktail 
Mountain coal ticld is marine, without coal and is mostly sandstone 
with sandy shale and some limestones. The upjjer half, apparently 
fresh-watcr, has coal vAth sandstones, thln-bedded and cross-bedded, 
as well as much sandy shale. This upper division has 21 coal seams 
in 1,500 feet, 7 inches to 15 feet thick. One seam has a ma.ximnm 
thickness of 21 feet with only a single jailing, 2 inches. Tlie coal 
is resinous at some jdaccs. 

Gale" has given some notes respecting the northern outcrop. 
He reports the Lewis shale as about i,000 feet thick and without 

«C. T. Lupton, Eiitl. 47t’L PP- ^ 7 . 3^- iSn 39 41- 
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sandstone. The Mesavcrdet 5,000 feet at the east, where erosion 
less energetic, haa three coal groups. The lowest is in the 
tia^al part of the format ion and underlies a conBpicnoua while sand¬ 
stone p whkh contains marine fossils. Gale's descri|>tion suggests 
that this sandstone may be equivalent to the Rollins of Lee and that 
the lowest coal group may be iti ihc Lowrr Pierre, iududed farther 
south in the Mancos shale. The coal seants are usually thin and 
where thick are worthless, Tlie middle coal group* above the white 
sandstone, is uiiimponant w-est from the Utah Hne, but the scams 
become thicker toward the east, though they arc irregular and at 
times are broken badly by jxittiugs of shale or bone. They become 
important in the eastern |iart of the basin; at Newcastle, there are 
105 to loS feet of coal in 7 seanis^ the thicknesses licing 5^ 8+ 20, 5, 
J8 and 4 feet respectively. One seam at Newscast 1 e has a 
parting of soft coal at 4 to 6 feet from the floor and is troubled by 
** satidstonc dikes/" A seam at 40 miles south from Gleuw'ood 
Springs has 7 to ic feet of coking coal as the upper bench, but the 
tower bench is non’Kioking, The upper coal group is near the top of 
the Mesaverde; its coals are unimportant. 

The Green River Basin, north from the TJinta Moumains, is 
mostly in W^yoming but the southeastern prong extends into Colorado 
and an outlier remains in Utah at the invest. 

Tlie relations of the upper part of the long section in the Coal¬ 
ville coal field in Utah appear somewtiat uncertain. The area w^as 
studied by Taff and later by Wegemanu, the paleotJtological deter¬ 
minations being made by Stanton/* The boundaries of the several 
formations are still indefinite, but it is sufficiently dear that the 
region was near the source of sediment, for sandstone and sandy 
shale predominate in the upper 7,000 feet of the section. The up|>er 
2,500 feet, prevailingly sandy, has yielded leaves and fresh-water 
shells. The succeeding 1,650 feet contains marine shells and re*ts 
on a white sandstone, 200 feet 1 below that is a coal seam. This, at 
4450 feet below the top of the Cretaceous, is irregular in occur¬ 
rence as w^cll as in ils relations to the ihick sandstones above and 
below it. It is double or triple at many localilies, while at others 
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it could not be found. At one locality^ a seam belonging at or near 
to this Dn,' Hollow horizon underlies a bed of oyster shelb, 20 feet 
thick. The quality of the Dry Hollow coa! is good, but the bed 
is too variable^ so Hial no mines of any importance were in opera¬ 
tion at the time of Wegemann'^ examinaLions. 

No coal of economic importance has been reported from the 
Pierre of Uinta County in ^Vyoming, but in southern Sweetwater 
Count)', where Gale^^ recognized Lewis^ Mesaverde and Mancos^ he 
saw in one exposure two seams, 8 and to feet thick, separated by 
only 25 feet. The coal is not persistent and, within a short distance, 
it becomes black shale with coaly streaks. The lotver seam is s^epa- 
rated by one foot of bone from a thick white sandstone. Farther 
north in the same county is the Rock Springs coal fields intersected 
by the Union Pacific Railroad, Tlicre Schults^" recognized the 
Lewis shale, without coal, and the Mesaverde, consisting very' largely 
of sandstone with important coal seams. The Laramie** of 
Schultz is not everywhere conformable to the underlying Pierre. 
The unconformity is especially marked on the south and w^est sides 
of the Rock Springs Donte, where the ** Laramie rests on the Roek 
Springs coal group, a hiatus of fully 2,500 feet ; but the succession 
is complete and conformable throughout on the west side of the 
Dome, Elsewhere there appears to be no unconformity. 

The important coal seams are in the Almond and Rock Springs 
groups, separated by 3 oo to 1,000 feet of mostly massive sandstone, 
more or less conglamcrate in the upper third with pebbles qf gray 
and black quartz. The Almond coal group, 700 lo 900 feet thick, 
contains many seams of coat and of carbonaceous shale. The seams 
are variable, though less so than are thtse in the Rock Springs 
groups buE the coal is comparatively poor and no works were in 
operation at the time of Schultz*s examination, 

1 ’he coals o( the lower or Rock Springs group are black» wdth 
distinct bedding planes and do not slack on eS£[josurc. The coal- 
bearing portion is about feel ivith 37 seams containing in all 

somevvhai more itian t lo feet of coal. Five seams have been opened 
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ntar Rock Springs, hut mo^ of iht coal has bem taken from 
numbers i and J, at 481 and 745 icet from the top of the group. 
Number 1 has many rock'Sitp*or horsebadtSp^^ long, slim 
wedges of white sandstonep protruding usually from the floor. 
They are smooth on one side, rough on the other and the coal is 
unchanged even at the contact. The roof and floor arc brownish to 
white sandstone. The coal, at times, is 10 feci thick, but changes 
are abrupt. Partings thicken and the coal becomes worthless. In 
one mine the coal is ii feet thick and cleaUi but in anotherp ad¬ 
joining, the coal suddenly became worthless and, at a little distance 
beyondp it pinched out. Seam 3 shows similar complications. A 
band of shale appeared m one niine at 2 feet from the floor; within 
a short distance it thickened upward until the top bench became too 
thin for working; but within 20O feet the foreign matter almost 
disappeared and the upper bench again more than 5 thick. 
Schultz's description shows that here is a channel originating during 
growth of the swamp and filled up before the growth ceased, so that 
the swamp covered it. Scam 7 is less inconstant than the others 
but it is far from free from troubles. The roof and floor are 
shale, the former black. One important mine was abandoned be¬ 
cause the good coal was replaced with worthless stuff in an area of 
evidently great extent. The Rock Springs coal scams become unim¬ 
portant southwardly and none has been discovered in the extreme 
southern portion of the field. 

Tertiary deposits conceal the Cretaceous from the Rock Springs 
field bo near Rawlins in Carbon County, where Sniitli^* recognized 
the Lewis. Mesaverde and the shales of Lower Pierre. The Mesa- 
verdep consisting of sandstoneSp shales and coal seams, is still dis¬ 
tinct but is much thinner than in fields farther west. It consists of 
two massive sandstones separated by a mass of soft brown sand¬ 
stones and white to gray shale. The Almond and Rock Springs 
coal groups have become insignifleant. The coal seams in this area 
are on top and at base of the upper sandstone arid just above the 
lower sandstone: four or more seams were seen io the upper jone, 
few w^ere ofasm^ed in the middle and 4 to 6 in the lower stone. The 

E. Smith, BulL J4t. FP- 
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coal throughout is Lnferior and the seams, for the most part, are too 
thin to be mined* 

Beyond Rawlins and still north from the Union Pacific Railroad, 
Vealch^* studied the coal field of east-centra! Carbon Countj% where 
the Pierre consists of Leivis, Mesaverck and Lower Pierre+ with a 
total thickness of almost 8,000 feet, not far from that given by 
Smith ; but in both districts the thtckncss decreases greatly toward 
the north* According to Veatch, some important coal seams are 
present in the lower part of the Lewis, evidently those belonging to 
the highest zone of Smith. Scams in the middle zone of the Mesa^ 
verdc occasionally become thick enough for miplng, but they are 
irregubr and not persistent. The southern part of Carbon County, 
where the subdivisions of the Pierre are as In the northern part of 
the countyp was studied by Ball and Stebioger.^® The thickness Ot 
Lewis and Mesaverde decreases casttvardly. becoming i,6oo and 
2,ocxi feet. The Lewis has no coal. The Mesaverde still has the 
two limiting sandstones with the middle shale and sandstone mem¬ 
ber. The basal sandstone is white gray and brown* cross-bedded 
and, in the eastern part of the district, contains a limestone, 2 $ feet 
thick. The top sandstone is less distinctly cross-bedded and the 
layers are Lhimier. No workable coal seams were seen in the sand- 
stone members, at the north, but ihe number and thickness of those 
m the upper sandstone increase toward the south. Some important 
seams are iu the middle member near Rawlins, but they disappear 
toward the northeast. The coal is hard and bituminous. The sand¬ 
stones of this member are irregular and the coal seams appear to be 
overlapping lenses. 

The Yanijia coal field, in Routt County of Coloradp, is the ex¬ 
treme southeast part of the basin. One can recognize in the sec- ^ 
tton by Fennemann and Gale,^" Lewis, Mesaverde and the lower 
shales, Mesaverde being Middle Pierre* the relaltons are more 
allied to those of the western than to those of the northern part of 
the basin. There are three coal groups, whidi in some portions of 
the field arc in a vertical space of 2,000 feet, the lowest being about 

A. C. Veatrh, Bull. ^l6, pp. 244-366. 
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1*300 feel from the base. Each coal group has 2 to 3 workable 
coal seams, but the ntuuher and thickness of the seains vary from 
place to place. At the time when this field was examined, the popu¬ 
lation was sparse and none but insignificant mines had been opened. 
In the eastern part+ coal seams* 4 to to feet thick, were exposed 
in both the middle and ihe lower group: but the upper group is ill- 
exposed. Farther west* yearns of greater Lhtekness were seen, one 
near Lay being 20 feet, with a parting of 15 inches midway. There, 
the three coal groups are in a vertical space of not more than Soo 
feet. Many seams have shale roof and floor atid one is clearly be¬ 
tween sandstones. A faux-loit was seen in many openings and 
either bone or dirty coal is the usual parting. A faux-mur is re^ 
corded in but one instance. 

The irtegulariiy in thickness of the Mesaverde in the Yampa 
field may be due to the ea$twartl disappearance of shore conditions. 
At 35 miles east from the boundary of the Yampa field, Bcckiy*^s*^ 
scctious on the west side of Korth Park shovr no evidence of Mesa- 
verde, white at 25 miles farther east In the same Park> the Pierre 
is represented by about 4,500 feet of shale, wholly like that beyond 
the Front Kanges in Colorado and New Mexico. It is sandy on 
top and passes into a marine sandstone, shown on east side of the 
Park—apparently the Fox Hills, Some thin sandstones were ^een 
in the lower part of the lormaLion but no trace of coal is reported by 
Beekly. 

Northward in Wyoming and east from the Medicine Bow Moun¬ 
tains about 6d miles east of north from the exposures in Norlh 
Park, the section by C. E. Siehenthah cited by T>arton,*^ shows 
about 5.500 feet of Montana rocks, divided at about 1,300 feet from 
■* the top by the Pine Ridge sandstone, 60 to So feet thick. The mass is 
practically shale flirouglwut, there being in all only 127 (eet of sand¬ 
stone in the upper 1,332 feet and 35 feet in the underlying 4,150 
feet. The formation contains marine fossils at many horizons^ the 
highest being within 140 feet from the top. It is difficult to deter¬ 
mine a positive plane of separation between Pierre and Fox Hills 
in tilts region so that authors frequently employ MotUanp ** or 

*1 A. L Bcckly, Bull 596, 1915, pp. ^ 43, 45. 
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‘*PierK-FoN Hills" to clt'signate die whole mass. Just jibove the 
one persistent sandstone. Pine Tiidge of Siebenthal, is a coal bed and 
otherSp uniniportant^ are in the succeeding 560 feet of bbek shale; 
but hi die overlying beds no coal was found. It may be that the 
upper part of the section, including the Pine Ridge s-andstone^ is 
equivalent to Mesaverde. Lewis and Fox Hills* the coal being in the 
Mcsaverdc. 

Farther west in Fremont County, north from Sweetwater, the 
lower shales are 2,250 to 3,000 feet, increasing eastwardly, while 
the upper di\nsion, of which erosion has spared 550 feel, has at base 
a sandstone, 200 to 250 feet thick. Overlying this ts a bed of car¬ 
bonaceous shale, ivhtch occasionally conlains a s^cam of coal Here 
the Mesaverde conditions are distinct for the overlying; mass con- 
$ists of " sandstones, with intercalated gray shales, sandy shales and 
coal beds." The loivest coal is S feet thick at lo miles east from 
Lander. 

The Pierre is without coal” in the Black Hills and is wholly 
shale. The Sussex field at 100 miles southwest from the Black 
Hills has^ according to Wegemann, 4,650 feet of Montana rocks^ of 
which he refers the up|>er 700 feet to the Fox Hilts. The Pierre 
has a sandstone, 175 feet thick, at about t,ooo feet from the base 
and, at 2,300 feet, another sandstone* the Parkman of D^rton's Big¬ 
horn section* 350 feet. This sandstone contains masses of petri¬ 
fied wood with shells of turtles and bones of Trachodon. In the 
shaJy portions near the base, it has thin scams of low-grade bitumi¬ 
nous coal, high in ash. Thin seams are associated in the southern 
part of the field with another sandstone, about 300 feet above the 
Parkman. The Pierre rocks are predominatingly sliale. The fauna 
of the Parkman sandstone, according to T. W. Stanton, is similar to 
that of the Mesaverde in Colorado and of the Oaggett in Montana, 

The Bighorn Basin of north central Wyoming lies west from 
the Bighorn Mountains, occupying parts of several counties and ex¬ 
tending into Montana. It was examined by Washrbiirne and Wood¬ 
ruff and in part by Darton.^* The indefinite relations of the upper 
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part of the column near BIghom Mountains are shown bj the fact 
Uial Darton embraces the whole above his Partman sandstone in a 
single fomiation, the Piuey. Woodruff in the southeastern part 
of the basin found in definiteness throughout, but the succession is 
suggestive of the section as recogniicd in Montana and northward, 
there being at base shales with Pierre fosstis succeeded by two sand¬ 
stone and shaie members which he referred provisionally to the 
Kagle sandstone and Claggeit shale of Montana, w*hile he terms the 
higher beds tticrely Undifferentiated Montana. All become more 
shal)' toward the cast. Coal seams were seen in the upper division, 
but they are lenticular and unimportant; the quantit)- decreases to¬ 
ward the north. In the western portion. Woodruff recognized the 
Eagle sandstone of the Montana section, but none of the higher 
divisions could be identified. Coal scams in the Eagle arc lenticular, 
but occasionally they arc important. One near Gebo is 11 feet 
thick; in Grass Valley, a seam, - to S feet, is mined, but within a 
fourth of a mile toward the west it is too thin to be worked, while, 
at an equal distance toward the south, it becomes much thinner and 
so broken by partings as to be worthless* Similar variations in the 
Eagle coals were observed elsewhere within this portion of the field. 
Farther south in the Buffalo Basin no coal has been found in the 
Eagle, 'rhe Undiffercntiaterl Montana has some coal seams but 
they are wholly unimportanL 

In the northeastern part of the basin, extending into Montana, 
Washbumc was able to recognize all members of the Pierre as they 
had been determined in Montana—Bearpaw shale, Judith River For¬ 
mation, Claggett shale, Eagle River sandstone, the last resting on 
Colorado shale. The Bearpaw’, evidently the Lewis of localities 
farther south, is marine, 150 ^tid without coal; the Judith 

River variegated clays and sandstone, ,^00 to 400 feet, has abundance 
of leaves and homes but seems to be without coal; the Claggett, 400 
to 500 feet, consists of massive gray to yellow sandstone with inter- 
bcdde/l shales and has marine fossils in many portions; the Eagle, 
150 to 2125 feet, has two or three massive sandstones. The u])per 
part of the Colorado shale, for i.ooo feet, is without fossils, but it 
differs lithologiciiHy from the shales below' and it may be taken as, 
at least in part, representing the lower shales oi the Pierre as in the 
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southern portion of the Bighorn Bastn, Coal is present in the Clag- 
gett and the Eagle, The Claggett seams are very thin, nowhere ex¬ 
ceeding 21 inches, and in all cases the coal is so dirty as to be worth¬ 
less, The Eagle seams are of capricious distribution, There are 
workable beds in the southeastern comer of the basin, but they dis¬ 
appear northw'ardly before Bighorn County is reached and are re¬ 
placed with yellow sandy shales. Black shales appear north frora 
the city of Basin and these near Garland contain very thin scams of 
coal. Elsewhere in that neighborhood, these coal horiions are 
marked only by black shale with coaiy streaks. .An anticline near 
Silvertop, close to the Wyoming-Montana line, brings up tbe Eagle. 
There is but one workable seam in that formation on the Wyoming 
side, but there are ttvo beyond the line in Montana. The Bridger 
coal field is west from the anticline and extends along the Chicago, 
Burlington and Quincy railroad to beyond Bridger in Montana, 
Some intportant coal deposits arc in the Montana portion, but none 
in Wyoming, and all trace of coal disappears at a short distance 
west from the railroad. The Eagle coals are all well-jointed and 
show no woody structure. They illustrate w^ell the irregularity of 
coal deposits in an extended area. 

The eastern part of Montana is a rolling plain, the mountains of 
Wyoming, Colorado and New Mcxicx) having become insignificant, 
as the disturbed area is confined to the western border; but moun¬ 
tain-making was energetic there, west from the 109th meridian, and 
the whole section of Cretaceous is shown at many localities. In this 
disturbed area, one is west from the Bighorn Basin, as wdl as the 
western houiidaiy of Colorado and JCcw Mexico, so tliat conditions, 
should hear resemblance to those observed in Arizona, Utah and 
western Wyoming. 

The most southerly coal field Is that near Electric, in Park 
County, about too miles west from Bridger. There as well as in 
some petty areas at the north, Calvert** was unable to recognize the 
subrlivisions of the Pierre and grouped the section, about i,000 feet, 
as Montana. The upper portion, about 330 feet, consists of sand¬ 
stone and shales with some earlKmaeeous shale but no coal; ihe 
middle portion, about 2jo feet, is largely sandstone and sandy shale 
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with several htds of d^rk shak a«d some seams of coal; the lower 
portion, about 370 feet, and without coal* is sandstone except 7® 
of sandy shale at the top. Four coal seams were seen in one scc- 
tioOf three of them thick enough to be mined; but the coal is very 
dirty; that from the best contains :^0 to ^4 per cent, of ash and the 
washed coal, utilised in making coke^ reiams 21.71 per cent. ThU 
Montana of Calvert rests on a mass of shale and sancL$tone con¬ 
taining Colorado fossils throughout; which makes probable that 
basal member of the section may be equivalent to the sfiaJes of the 
Loiver Pierre and t hat the coal-bearing member may be at Lhe Eagle 
or Mesaverde horizon^ tliere being Mesaverde fossils chrOttghout, 
The “Montana** beds underlie confomiably the Livingston forma- 
tipn, a mass of andesitkr material. Calvert found similar eonditions 
in the Livingston coal field farther north in the same countj'-^ except 
that Ins Montana beds are thinner. There are not less than 3 seams 
of coal, 2 to 20 feet thick; but ihey' vary rather abniptly in thickness 
and the coal is of uncertain qualityTwo samples from one mine 
gave S77 and 17.5 per cent, of ash; analyses of samples from other 
mines yielded S44, 10,52, 10.99. ^49* ^ 53 3^ Si 

air-dried coal. Cross-bedded sandstones w^ere noted by C-alvert in 
both fields. 

Newberry^^ noticed that coal near Bozeman, in the Livingston 
ficldp contains a large quantity of yellow, translucent, almost amber- 
like resin. Weed" examined the same fields at an earlier date and 
called especial attcntioTi to the uneven floor of the coal sean^. This 
as well as the occasional disappearance of the coal led litm to believe 
that the coal seams had been formed in depressions of the surface, 
lie found Unto in beds associated with the coaE seams of the Electric 
coat Reid* 

In Meagher County, north from Park, Stone recognized the 
four fomuitiong* TTie Bearpaw shale> marine throughout^ has no 
coal; the Judith RiverK brackish and fresh water, has some lenses 
of eoalp usually very thin and of short lateral extent; when of w'ork- 
able thickness, their coal is apt to be dirty. The Claggett, marine 
and brackishp appears to be without coal. The Eagle has coal, hut 
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It is uncertain both as to ciuantity and quality; when a seam becomes 
thick it has much foreign matter and is in great part worthless. 
Stone could not determine whether or not the Eagle coals are 
Icti&es; but the quality is inferior with from ry to 37 per certL of 
ash. HerCt as in districts farther south, the rocks are mostly sand¬ 
stone and sandy shale. 

The Lewistown coal field in Fergus County is about fjo miles 
north-northeast from the Meagher area and its western limit is near 
the noth meridian. Calvert** found no rocks newer than the Cbg- 
gett, which like the underlying Eagle, consists of sandstone and 
sandy shale; cross-bedded sandstones are characteristic. The only 
coal seam is in the Eagle, at 10 feet from the base* It is merely 
a coaly layer* Bowen” examined the Cleveland field, about So 
miles east of north, and the Big Sandy field at an equal distance 
west of north from LcvvlstowTi* In both fields the Judith River 
and the Eagle arc characterized by irregularity of the deposits and 
the sandstones are often cross-bedded, occasionally ripple-marked. 
The Eagle becomes shaly In the eastern field. Thin seams of im¬ 
pure coal were seen in the Judith River within both fields: the 
Eagle has similar streaks in the southern part of Big Sandy but no 
coal was seen in the northern part of that field nor in the Ocveland 
field. The Eagle coal is usually bony. 

The Milk River coal field is north from the Cleveland and ex¬ 
tends to the Saskatchewan line. Pepperberg" states that the Judith 
River coals, all near top of the formation, are lenses, which become 
thinner and (joorcr tow'ard the cast. The variation fu thickness is 
abrupt; a lens, () feet thick, decreased to a fraction of an Inch 
within a short distance along the outcrop. The quantity of bone 
is a serious drawback in many mines, so that the product is inferior, 
because of high ash. The coal ia siibbituminous and contains min¬ 
eral charcoal as well as resins. All dcpo,sits in the Judith River 
arc lenticular and the sandstones arc locally cross-hedded. Some 
streaks of coal were seen in the upper part of the Eagle, but they 
are insignificant. The sandstones of both formations have be¬ 
come much less prominent*. 
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Teton County ts very near ihe iveslern Iwundary of Cretaceous 
deposition in Montana. It reaches the border of Alberta and the 
eoaUbearing area is between meridians 113* 30' and lii*. Steb- 
inger's*' report on this area and his general discussion of the Mon¬ 
tana Cretaceous have done much to solve serious problems in cor¬ 
relation. The succession in the Teton coal field is St. Mary River 
formation, correlated with the Laramie; Horsethief sandstone. 225 
to 375 which Steliinger has shown to be same as the l-cnaep 
sandstone and the Fox Hills; Beariraw shale, with characteristic 
features of the formation.490 feet; Two-Medidne formation t 950 
f«et. gray to greenish gray and whitish clay shales, with some sand¬ 
stones. which are important in the basal 250 feet; Judith River 
leaves, moUusks and bones of reptiles are present; it is apparentlv 
continental m origin, there being evidence of onlv one ntarine inva¬ 
sion, and that is at about 3 oo feet from the base. Tlie formation 
mclnd^ Jndith River. Oaggett and the upper or coal-bearing por- 
ijon of the Eagle. Tlic marine deposit near the base contains the 
a^ett-Fox HiUs fauna, indicating deposition in a retreating sea 
Within the disturbed region on the western side of the county, one 
finds It difficult to distinguish this formation from the St Marj-; 
the conditions during deposition must have been very similar in 
both Virgellc sandstone, 220 feet, the basal sandstone of the 

ff?' cross-bedded sandstone, becoming 

slabby to shaly in the loiver half. 

Two-Medicine and Virgellc. traced northward into Alberta, prove 
to be the Belly River formation, described by G. M. Dawson. The 
wo-Medicrme is ctiaracteriicd by extreme irregukrin^ of the hiids* 
Scions only a few hundred feet apart are wholly dissimilar. Fos- 
sd wood IS distributed throughout the formation, knots ami entire 
^tions of compressed trunks of trees are of common occurrence 
The coiumenlal deposits, except the Fox Hills, become thinner to" 
wyd the east, so that in the Black Hills of northeastern Wyoming 
the Pierre is represented only by marine shales ' 

No coal aside from petty lenses was seen in the Virgelle* the 

,|„rt «..! »„«, „ 0,. b.,., anotlfer a, aj, 

«'• ■“ •■-ol Pwr 


STEV^ENSON— INTEaRELATIONS OF FOSSIL FUELS. 109 


feet higher and a third at the top, but coaly materiai is pnJSEni in 
other portions as carbonaceous shale. The highest coal is found in 
the northern part of the county, but it disappears south from Valter, 
about so miles from the International Boundar>' and no trace of it 
has been found farther south in a distance of not less than 50 miles. 
It is thin in Teton County but increases toward the north bei^ond 
the Ijoundary and is 6 feet thick at Lethbridge^ where the coal is 
good. The seams of the middle ^oue are thin and yield only im* 
pure coal, while the lower zone has two seams which are |>ersistent 
in the Valier district on the easterly side of the county^ The upper 
one IS 2 feet 6 inches^ with 2 feet of coal, Avhile the lower one, with 
extreme thickness of 5 feet S inches^ contairis only 8 inches of clean 
coal. These seams vary much in thickness, but the upper one i$ 
mined. Samples of clean coal gave t4,oy^ 13.9, 14.5 and 28,6 per 
cent, of ash. 

Dowling,^' in his synopsis of conditions in the western Hates of 
Canada^ says that the depressions, in tvhich Mesozoic rock$ were 
deposited, appeared in the Rocky Mountain area, where Triassic 
and Jurassic beds are found. The Jurassic sea invaded a narrow 
depression, now elevated as the Rocky Mountams and the Foothills. 
Land conditions pre\tiiLcd during part of the Lower Cretaceous^ 
but occasional submergences extended to a short distance toivard 
the cast, whereas in the United States they extotided as far east 
the Black Hills of Wyoming^ More general submergence east- 
wardly came in the Upper Cretaceous, while on the western side 
there is evidence of shallowing during the earlier periods. Marked 
proof of shallowing on that side is evident during the Montana, for 
land conditions are shown by the coal seams and by the type of 
sedimentsj but marine conditions prevailed at the east* Submerg¬ 
ence foUowed and the sands at the west ^vere covered with marine 
shale_ The dosing part of Cretaceous time was characteriied by 
emergence, with brief i>er]ods of submergence, as showm by land 
and shallow water conditions, giving an abundant flora and a 
brack!ah-water fauna: this closing stage is the Fdsnoiiton-St, ifary 
formation. Tlie vast accumnLations unsettled the equilibrium of 
the area whence they had been derived and, toward the close of the 
D. B. Gtol Surv^o' of Canada, item. 53, 1914 pp. 33, 
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Eocene, crustal niovemcnts followed, which formed the Rocky 
Mounlainis. But the energy was expended in a narrow area so 
that at the east, es’en in the Foothills, one finds nothing exposed 
bek>w the Middle Cretaceous. 

The conditions noted by Dowling are very distinct in southern 
Alberta. McEvoy, in the mountain portion of the Crowsnest coal 
field, found the Up^Jer Cretaceous merely a mass of sandstone and 
conglomerate, 7.000 to S.ooo feet thick and without coal. In ajiother 
part of the Rocky Mountain area, near the Intemational Boundary, 
McConnelt saw no coal in the upper part of the section, which con¬ 
tains great beds of conglomerate, sonie of them 150 feet thick. It 
seems to be impossible to differentiate the formations in this area; 
but McLeam. at a short distance eastward in the Foothills, recog¬ 
nized the Bcarpaw and the Belly River, the latter being the equiva¬ 
lent of Judith River, Qaggett and Eagle." The sea-invasion during 
Claggett did not reach much of southern Alberta and did not extend 
so far westward as did that during the Bearpaw. Xo coni was seen 
in the basal sandstone of the Belly River fonnation, but 4 thin seams 
were seen in the overlying 50 fwt of clay and shale. The higher 
deposits are sandstones and shales, alternations of "sand bottoms 
and day bottoms " with Unio and gastropods in the sands and gastro¬ 
pods in the days, The faunitles are fresh-water. Mackenzie** 
saw no coal in tlie Allison (Belly River) formation on Oldman 
River, where it is 2,000 feet thick and consists chiefly of sandstones, 
massive to shaly and often cross-bedded. 

Dawson** examined an extensive area wdtliin southeastern 
Alberta, mainly along the Bow and Belly Rivers, but reaching into 
the Milk River region near the International Boundary, He offered 
tentative names for the formations. The Pierre shales, 750 feet 
thick, contain intercalated beds of sandstone, whicli increase low'ard 
the mountains, A coal zone was seen at the top on Bow River and 
another at the base on Belly River: the latter was seen also at several 


** J, McEvoy, Ann, Rtps, Gcol. Survey Canada, Vol. XIII. joqo Pan a 
TO- ^ G, McConnell, the same, 1886, Pin D, p|». 16, ly; F, H, McLcaru* 

Summary Report, 1014, pp- (ia. 

**J. D. Mackenzie, Summary Report for 191a, pp, ^5-246. 

M. Dawwii, Geol. Survey of Canada, Reps. for 1882-83-84, 

Pan C, pp, 36, 52, fia, 69, 7T, 
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places on St. Mary River^ At the mouth of the latter river, in a 
section by R_ G. i&IcConnell the lower zone has 3 coal seams in a 
vertical distance ot tja feetn the tliickest"l>eing from 3 feet to 3 feet 
6 inches. This zone is persistent wd its coal is mined on Belly River. 
The Belly River formation has few thick coal scams; its sandstones 
are grJiy to yellow, hard and the surfaces often show ripple inarks 
and worm trails. In one case, the ripples indicxite movement toward 
S. 36" W. The Lower Dark Shales" of Dawson were seen on 
Rocky Ridge in the Milk River region, Dowting®® has shovvn that 
the Pierre shale is the Bcarpaw^ the Belly River of southeastern 
Alberta is the Judith River and the lower dark shales of Roek-y" 
Ridge are I he Claggett. Evidently he places the coal of Dawson's 
Pierre in the U|3i>er or fresh-waier part of the Belly River. The 
area within Alberta, in which the Belly River with its imijorlant 
coal seams is cxpq$cd> is not less than ,24,000 srinare miles; its pres¬ 
ence has been proved by borings in a great area, where it is deeply 
buried under later fornialtons. In a report on the Sheep River Oil 
and Gas field. Downing has entphasized the increasing; thickness of 
Bcarpaw toward the oast; in the Foothnis, it is 650 leet, on Red 
Deer River, east from Cdgafy, 750, on the Cypress Hiib, 900 and 
on Sheep River, about feel. 

The coal scams of ihe Pierre lonnatioits become nnimporiani 
north f rom the latitucle of Edmonton. They are few and tbin^ some¬ 
times wholly wanting, as appears from observations by G, M. Daw¬ 
son Ekiwling, Tyrrell and McConnell. Dawson found no seam 
thicker tliati 6 inches on Pine River, Tlie associated rocks are sand- 
Slone and sandy shale, the former cross-bedded and ripple-marked. 
On Smoky Hiver he saw' a soft massive sandstone, with abutidanl 
f ragmen is of plants^ which in one place are "'distinctly representing 
the base and roots of a tree., and evidencing a terrestrial surface. 
Overlying this is a thin carbonxiccous him Avhicb, at a short distance 
up the river, becomes a scam of lignilic coal, tw^o and a half indies 
in thickness.” The Dun vegan sandstone of Peace River^ regarded 
as the Bdly River formation, lias no coal.*^ It disappears toward 
the east and is not present on Athabasca River, 

!*■ D. B. Dowling, llcm. SJ. 1 & 14 . PP- 33-31. Sir S3 
G, M. Pawson, Rep. for Part B, pp. lljr ti8^ 

^ R. G. McConndlr Rcpsi, Vat Vl-D^ lB£? 3 p p. 53. 
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T/ier C&ii>rado 

The Niobrara and Betuon are suffiricntly distinct m the region 
of the Front Ranges and eastward as far north as Wyoming^ The 
Niobrara consists of black shales and limestones weathering to chalky 
whiteness; wliile Benton is mostly shak, but with biinds of sand¬ 
stone and more or less persistent limestones. Farther west* how¬ 
ever* the deposits answering to the Nsobrara-Eenton time interval 
lose the limestones and the mass becomes practically conlinuons as 
shale, though varying tiiueh at diflerent horirons. The term Colo¬ 
rado Shales finds application in those areas* where Niobrara cannot 
be recognized and where Benton condillonSp as shown at some places 
by the continuing Fauna, remained comparatively unchanged. The 
term Mancos was introduced an soulhw^estern Colorado* to designate 
the shale mass between the NFcsaverdc (^liddle Pierre) and the 
Dakota, It is a lithological term for use in the field and includes 
Lovver Pierre as well as Niobrara and Benton. 

The Colorado imcrv^al is represented by marine deposits in by 
far the greater pari of the Cretaceous area, but in New Mexico the 
isolated coal fields give abundant evidence that the mainland w^ 
not far distautp as coarse dqxjsits make their appearance, w‘hik 
farther west in the same state as well as in Arizona an<l Utah one 
finds condhiotis such as characterized the Middle Pierre, marking 
the strife betw^een land and sea, sandstones and coal beds being the 
especial features. 

The relations of deposits in the southernmost fields of New 
Mexico are somcAvhat obscure, the areas being very small and 
isolated. But there is little room for doubt farther north in the 
Cerillos and other fields southeast from the San Juan Basin. Lee*'* 
obtained a detailed section of the Mancos in the Cerillos field. The 
upper portion is distinctly Pierre and the lower portion, about 2 ,200 
feel, is certainly Colorado in the lower 1,200 feet. One finds here 
the several subdivisions of the Benton, ns recognized east from the 
Front Ranges, but the limestones of the Niobrara interval have dis- 
ap|>cared, .A sandstone, Tres Hermanos of Herrick and Johnson/'^''* 

T. Ltc, Bull Vol. 1912, pp. 623, 631, 65S. 

651-634, 

C. L. Hcrrkk □md D, W. Johmitn. BuU. Unh;. A'«t' .tfcj,. Vo!. IL.p. 13. 
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^ feet thick .nd about 8. f«t from .be base, b Itard quart^sc 
cross-bedded and in Lhin irregular layers, which have nppled surface 
willi worn, borings and indebnite markings. Of especial mteres 
arc tniprcssions verv rimibr to Halymc»ites Htn/er. assoewted vvi 
au o4ore fauna. At the base of the Benton are --El-era e a 
feet and carhonaceous shale, 5 f^ct, with a few inches of coal 

^^'’^The Tres HermanoB sandstone is QO feet above the base and only 
, feet thick in the Hagan field, west from Cerdlos; though ^inch 
thinner, i, has the same features. The ,hin coal l^d and its over- 
lying conglomerate, seen In Cerillos, appear to he warning. A 
ictuon fauna b present in the lower 670 feet of the “'■'tmn. tra¬ 
ditions are practically the same in the Tijeras field. In the Pu 
field no coal was seen at base of the Benton, but a conglomerate. 5 
feet thick, with pebbles of quart* and chert, recalls that over1>ing 

the coal in Ct-rillns. ^ 

In the southwest comer of the San Juan Basin, as Gilbert 

shown, the Colorado is r^resented by mostly 

feet at the base, containing 3 ' 

.re 380 feet of carbonaceous and clay shale umbrlj-mg sand.ton^ 

and sandy shales. The whole thickness is not far 

The coals are not persistent and they were seen m „ 

Elsewhere they arc replaced with carbonaci^UB shale. 

savs that in the Zuni Mountain region, a few mdes south from th 

locality of Gilliertb section, the Mancos is 60 per cent, sandstone 

This sandstone decreases northwardly as do also t c coa 

..hich disappear in the northern part of the 

The Maneos shale is thin in the mam portion of the San Tuan 
Basin, the whole thickness, according to Gardner - being not more 
than 800 feet. Coal seams occur in the tipper 500 feet, where the 
rocks are sandy, there are no coals in the lower part, where clayey 
beds prevail. The coal seams arc usually thm. though occasionally 
reaching 3 feet, arc double or triple and often contem much bon^ 
One seam at times becomes lyorkable. with 3 to 5 

G. K. Gilbert, U. S. Ceog. Esplorauens, etc,, VoL m., i^5. 

J«4 li. E. Winchester, Uurn. deed. S^t.. 'lYV-^ 

««> J. H- Cjrdiicr. Bull. 341 . PP- 3^9, 373< 37^! < P- 4^ 
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iMtuniinqus coal which contains much resin, Eastwardty along^ this 
southern border no workable scams occur, while farther north alonp 
the eastern outcrop only traces of coal were seen. The sandstone 
decreases in that direction. Lee appears to Iiavc foiuid no coal in 
the Colorado beds along the northeastern border of the basin, but he 
was able to rccQgniae the Tres Hermanos sandstone. 

In Arizona the near approach to the source of sediments is mani¬ 
fest. The most southerly fragment of Cretaceous is the Deer Creek 
coal field,*"* about 150 miles southwest from the southern termina- 
tion of the San Juan Basin, near the junction of the Gila and San 
Pedro Rivcns, In the lower or southern part of the field, according 
to Campbell, 400 to 500 feet of coarse greenish gray sandstone with 
Mme shale rest on the Carboniferous Hinestone. The fossils are 
imperfect and sufBcc only to prose Cretaceous age. Three coal 
seams, much broken and ihiu, were found ip a shaft within the 
basal 60 feet. The coal is poor; the best has 34.78 per cent, of ash. 
The PircdaJe coal field is about 100 miles north from the Dccr 
CrcA area. There Veatch’^** found about goo feet of deposits con¬ 
taining Benton fossils as determined by T, W. Stanton, The two 
coal seams are near the base, 10 to 15 feet apart, and are only ag 
feet above rocks of Pennsylvanian or Permian age. The seams are 
12 and 3 feet thick, but coal from the upper one is very bad, having 
54 pvr cent, of ash. The tower one has some good coal with only 
10 per cent, A much more extensive field ts that of the Black 
Mesa*« in the northeastern comer of the state. The Cretaceous is 
about 700 feet thick and coal seams were found near the base as 
well as above the middle. Hie lower group is w ithin the basal 35 
fert and its seams are 7 and ig feet thick. The upper bed yields a 
fairly good coal, bituminous and with about 14 per cent, of ash. 
The lower scam is a worthless mass of shale and coal. The higher 
beds show numerous scams 3 to 12 feet thick; the coa! is evidently 
inferior, hul in default of better material it is used as fuel. 

Benton deposits arc present in isolated areas within Utah as far 
west as the 113th meridian along the .Vriaona border. Almost 43 

M, B, Campticlt, Bull. 225. 1904, |ip. 241-258. 

A. C- Vealch, Bull. 431, ipit, pp. ajp-aji, 

11 . R. Campbell and H. E. Gregory, Butt 431, pp. 239-238, 
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years ago, Gilbert discoyered in W'ashingtor County a mass of shale 
about 635 feel thick, including at base a coal group. more 

than 130 f«t thick, with 5 seams, 4 inches to 4 feet thick. Howe . 
i. Park County, next east, found two coal gr^ps 
300 feet of barren measures, containing Benton fossils. The lower 
coat group is capped by an oyster bed t to 5 
five years later. Richardson examinc'd some small fields m \S ashing 
ton Kane and iron Counties.'- The coal seams are from 5 ® to 50 ° 
feet above the assumed base of the Cretaceous and they- are lenses. 
Ordinarily only one workable bed appears in a section but m so^ 
cases there are as many as six. In the Harmony only 600 

feet of Cretaceous remain, containing 6 seams of coal and shale, 7. 

It 6 , 11 . 17 and 6 feet resi^ctively, with 4. 5 - 4 * 7 4 f^ 0 

co^l At best this coal is very poor, two air-dried samples having 
£3 &> and 33-06 per cent, of ash. ITie seams are similarly letiticular 
in the Colob field, In this field on the North Fork of Virgin River, 
Richardson saw, at about loO feet above the ^ 

coal seam with this structure; carbonaceous sliale with fossils, 

bituminous coal, 2 feet 5 S f «t 6 inches , 

di»pp.»n:d qrickly twrf tl>« "on>>. bm ’ 

cwinri at these localities is bmvvnish Wnck linth d greap^ 

The violatile is very high and the hydrog^t id 

Hcally ttaic. a, much as that in the ordinary coal' 

amined it nudes the micruscope and ascertamed tto 

and cnmtmsitinn arc essentially those of high-grade lanncL Th 

Colob coJs are better than those of the Harmony held nnd hate 

tan, ,0 to .5 per cent, of ash. They vary front low grade bttnmt- 

nons to anbbituminous, tn many cases a coal scam overlies or 

iindcrltes fossilifcrous Umcstoii'er 

1^ examined a smadl field In Iron County, north from ash mg- 

ton. wdverc he measured a section of 1,200 feet m winch sandst^c 
predominates. The coal seams are m a group of ^ 

limestones, about 150 feet thick, beginning at nearly Eco f«l fro^ 
the basal conglomerate. Tbe fossils are of Benton age. One coal 
»TG. K. Gilbert, U. S. Cng. Explor., ett, Vot. HI., 1591 E E. 

Howetl, the wnie, p. 271 1 G. B- Rkliird,-iO!i, Ball 341. PP. 
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bed is divided by hands of llmestofie containing brackish-water 
Tnollusks. Another has nRrinc limestone roof and floor* wdtJi marine 
fossils, but one of its partings has Phy^, Pknarbis and other fresh¬ 
water forms* related to those of ponds and streains. Several of the 
sandstones arc cross-bedded.^®^ 

Lupton examined the Emory coal field in in the southern part of 
Castle Vallcj** about 40 miles northwest from the Henry Mountains, 
which had been studied by Gilbert.^®® At approximately 600 feet 
from the base is the Ferron sandstone^ regarded by LuptOn as e^iuiva- 
tent to Gilbert's Blue Gale sandstone. It is Soo feet thick at the 
sonthwest but becomes thinner toward the northeast until at north 
end of the valley it is but 75 feet. This sandstone holds all the 
Benton coal seams, but these are confined to the southern part of 
the valley, disappearing toward the north as the sandstone de¬ 
creases in thickness. Local tinconfomnties w^hich one must accept 
as evidence of contemporaneous erosion* occur wnthin this sand¬ 
stone. The coal-bcaring area is a narrow strip about 33 miles long* 
Fourteen coal horizons were recognised but the deposits are lentic¬ 
ular and correlations are uncertain. The variations are abrupt; in 
one case, from one to 20 feet within a ver^^ short distance. Many 
of the seams are injured seriously by partings. The coal is low* 
grade biluniinous of very fair qtiality, with color and streak blacky 
and contains resin. In portions it is thinly laminated* but at times 
the dull layers are several inches thick and resemble cannel. 

The most easterly locality in the southern part of the Uinta 
at wdiich the Benton coals have been recognized, seems to 
be that on the Gunnison River about &> miles east from the Utah- 
Colorado line. There Lee found at base of the Benton a succession 
of sandstone and shak with maximum thickness of about 80 feel. 
The lenses of coal, a few inches to 3 feet thick, occur in the shales. 
Near the junction of Gunnison and Grand Hi vers, 5 deposits of coal, 
one to 3 feet thick* were seen, but these lenses are too indefinite in 
extent and contain too much carbonaceous shale to justify mimng. 
The ash in air-dried coal varies from 6 to 34.5 per cent. The sand- 

141 T, Lee, Bull. 316, TW, citations from p(s. 36t-373. 

G. IC Gilbert. " GeduRy of the Henr>' Moutuasn^/' 1S77, pp, 4-10 j 
C. T. Luptoji, Bull. 62a pp. 30, 31* 47 “ 74 r 7®^ 

W. T. Lee, Bull 510. 1012, pp. 24* 25, 66. 
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Stones are tiioTC or loss flinty, axe cross^bedded. ripple-marked and 
locally oonglomerate. These coals have been placed m the Dak^ 
bv several students, but the presence of fossils confirms Lee s refer¬ 
ence to the Benton. The Feiron sandstone cannot be recognized 
m this part of the basin and the coals of Castle Valley are wanting. 

Kt> observer has noted the existence of Benton coals on the 
northern side of the Uinta Basin within Colorado, but they have 
been recogni^d in two outlying fields along the northwestern border 
in Utah, which have been described by Lupton.”‘ The western or 
Blacktail Mountain coal field is almost due north from the Emery 
field The Mancos formation is about 2,650 feel thick. The upper 
part’ M50> insists of shale: the middle, about 250 feet, is cluefly 
sandstone and has coal seams ; the lower part is sandstone and shale. 
The shales increase and the sandstone decreases toward the ^st: 
the upper shale is hut Soo feet thick in the western part of this field. 
Four ^ seams were seen. 3 to 1 1 feet thick, hut extremely van- 
able. Tbe coal is very similar to that from the Mesaverdc. though 
i soo feet tower in the column; some of it Is very good vnth hut 
, per cent, of ash and 10 per cent, of water m the air-dned cm - 
In the Vernal coal field. 30 miles farther east, the Mancos is not far 
from 3,™ feet thick, but the upper or shale dirisioti is 2,100 feet 
and tbe'lower or sandy division is about 400 feet, vrith some cmIs 
near the top. It is quite possible, as suggested b>' Ue, that ^ese 
coals are at same horizon with those of the Ferroo sandstone. They 
arc irregular but in some cases yield a good coal. 

The Coalville coal field, about 30 miles northeast from Salt lUke 
Citv Utah, was examined by Wegemami There, at somew!«t 
moV; than i,6co feet from the base of the Cretaceous section a 
Coalville, is the important coal seam known as the Wasatch. _ 
roof is sandstone, locally conglomeratic, with wmetirnes a thm 

shale inteirt'ening. It appears to T, ® 

shale or sandstone and is irregular, there being ‘'rolls which oc¬ 
casionally cut out as much as 5 feet of the coal. The coal is 

fiom 5 to t4 feet thick but as a rule, the variations are not abrupt 
The coal as mined at Coalville is of excellent quality. It is stated 

III C. T. Lapton, Bull, 47l*C i9t*F P9‘ *3’ 44, 

inC. H, Wcscmami. Bulk SS t-E, lO'S. FP 161-184, 

rsoc. Aura, smt. sac,. ‘■''b *> 
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lhat work abairdoped in one mine because the bed thinned ab¬ 
ruptly^ the coal being cut out by a sand roll or deposit of coarse 
sand and gtavel in tbe roof of the bed. At about B50 feet be!ow' 
the Wasatch seanip thin coals were seen, which are known as the 
Spring Canyon beds. The coal is impure and worthless; it is pos¬ 
sible that these belong at a Bear River horizon. 

ITie CoalvLhe field is an outlier of the Green River Basin* which 
is reached in Uinta County of Wyoming near the ilirh meridian 
or nearly 100 miles west from the Utah-Colorado line and probably 
25 miles east from the meridian passing' through Emory in Castle 
Valley field of Utah. The relations of the louver part of the sec¬ 
tion were a source of much perplexity^ as the fresh^water fauna had 
led to the belief that it belonged to the Laramie or possibly even to 
the Tertiary. Its pbee In the column was determined by Stanton”* 
w’ho showed that it intervened betivecn coarse sandstones and con¬ 
glomerates below and well-defined Colorado above. Knight”* rec¬ 
ognized an important coal-bearing formation in the southern part 
of ihe countyp which he named the Frontier. It consists of thick 
sandstones with coal beds and it may be practically equivalem to 
the deposits containing the Wasatch seam a I Coalville. At a bter 
date Vcatch reported upon the southern and Schultz'^ upon the 
northern part of the county. The thickness of deposits in this 
area is enormous { Veatch assigns not less than 2*000 feet to the 
Niobrara, 4,200 to the Benton and o to 2*400 to the Bear River, 
The Frontier sandstone formation, the upper part of the Benton^ 
is about 2*400 feet thick, consists of alternating sajidstonc$ and 
clays* with numerous coal seams. The important coals are the Kcm- 
merer group near the top, consisting of 3 seams w'ithin a vertical 
distance of 90 feetj the highest bed has an extreme thickness of 5 
feet, the main Kcnimcrer is from 3 to 2o feet thick in the mines, 
but along the outcrop^ the variability is much greater, for at some 
localities between tire mines it is very thin, at times abseiiL At 550 
[eet below the main Kemmerer is the Wilson bed which is not 

usy Stanton, " The Stratijrraphic Position of the Beiu- Kivtr Forma" 
tiotl,” . 4 ipccr. jD«r». S<it Vok XLIIL, lip, qS-HS, 

U4VV. C Kjiig^ht, “Coa^hclds of Southern Uinta County, Utah*'" BiiWr 
G^r&L Sa£. Vot 13, igoa, pp. 542-^44 

A. C. Veatdi, Bull. 265, pp. 333, 337, 3^; A.R, Schultr^Bull 316^^.215. 
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present in the sou^em part of the field, but is 5 feet 8 inches at 
Xetnmerer, where it yields a coking coat. The Carter bed is 1,300 
feet below the Kemmerer and the Spring Valley, 1475. The last. 
5 to 6 feet thick, is apt to be dirty. 

The Bear River coals are occasionally thick, as much as 6 feel, 
but the coal is so dir^- as to be worthless. This formation, 2400 
feet on the western side of the county, is only 100 feet at the east 
side. The Frontier coals are bituminous, of high grade, with low 
ash and water content; the Coalville coal is subbitufuinous. 

The Frontier sandstone does not outcrop in the Rock Springs 
field: m northern Carbon County Smith saw it with all the litho¬ 
logical features observed in Uinta County, but without coal. It is 
9M feet thick m the southern part but only 500 in the uorthenj part 
o his district; showing a great decrease toward the east. The Bear 
River is only 30 feet thick, but this has some thin and worthless 
rtreal^ of coal, Veatch'*’' in the eastern part of the same county 
found 4m to Boo feet of Frontier, hut no coal, while the coaly 
streaks m shales overlying the Dakota arc thin and worthless 
Woodruff saw thin streaks of coal, 6 to 8 inches, below the middle 
of the Colorado, in Park County of Wyoming, almost due north 
roni the Rock Springs coa] field. No obsen^er has reported the 
occurrence of coal at the Frontier horlaans at any locality in Mon¬ 
tana or in Alberta or anywhere east from the togth merrdi,in in 
Wyoming or the loSth in Colorado, but the lowest coal horizon, that 
resting on the DakoU, reaches to the losth in Carbon County of 
vNyommg and, in northern ^’ew Mexico, along the southern bor¬ 
der, it is present occasionally to near the same meridian. In New 
Mexico it extends northwardly for only a short distance. 


The Dakota. 

'File Dakota or basal member of the Upper Cretaceous is a #and- 
stone, tnore or less massive and locally congloniernte in the eastern 
or Rocky Mountain region. It is often cross-bedded and some- 
ttmes ripplc-marked. At some localities farther west it contains 
much conglomerate. The thickness rarely exceeds 200 feet. Land 
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conditions existed at few localities and in by far the greatest pittt 
of tlie region no coal occurs* The iliin lenses^ referred by some 
writers to this formation ^ belong rather lo the Benton^ 

The Ko&tenai, 

Tlie Dakota, as described by the earlier students In the Front 
Range region of Colorado and Nesv Mexico^ consists of two sand¬ 
stones separated by shale of variable thickness. Darton*s collections 
in the Black Hills of northeastern W^'Oming proved that the Da¬ 
kota of that region is complex^ that only the upper sandstone is 
Upper Cretaceous, the other deposits belonging to the Lower Cre¬ 
taceous. He was convinced that a new name was necessary and 
offered Goverly formation as substitute for Dakota. At a some¬ 
what later time Darloti, Lee and Stanton discovcretl somewhat simi¬ 
lar conditions in Colorado and New Mexico. In Montana, this for¬ 
mation proved to be practically equivalent to the Kootenai forma¬ 
tion of G. M. Dawson, which is important in the Rocky Mountains 
region within Alberta and British Columbia. This earlier name 
has been accepted throughout; but in some localities it appears to 
include ihe upper sandstone or Dakota. The Kootenai has not been 
recc^^nized in Colorado and New Mexico west from the Front 
Ranges except in the Park area of Colorado^ wliere it was seen by 
Beekly. Elsewhere the “Dakola” sandstone rests on a mass of 
clays containing some sandstones, the Morrison formation^ of which 
the relations are not w'holtj clear, though in recent years the pale¬ 
ontologists have shown increasing inclination to regard it as Lower 
Cretaceous, It has no coal. 

The Kootenai is recorded as coal bearing nowhere south from 
the Black Hilts^ where Darton gives the succession, as Dakota sand¬ 
stone, 10 to loO feet: Fusou shale, lO to lOO feet; Lakota sand¬ 
stone, ^5 to 300 feet: forming the Goverly formation of his earlier 
puhticalions/'^ The I.,akoU, matnly sandstont^^ contains the coal. 
The sandstones are mostly hard, massive, coarse and cross-beddcd: 
but in many places they arc slabby, rippk-marked and locally they 
are couglomeratic^ Lenses of coal occur near the base and at times 

“^N. H. Darken, FoHos 127, 126. %gos: Prof. Paper 51, 1906. pp. 50^; 
Bull ifio, 1904, pp. f Prof. Patjer 65. 1909, pp, 12, 40^. 
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attain contmerda] impcrtaiicc^ T\yq are near Aladdin^ one of tKcm, 
2 feet to 3 feet 6 inches, tiie otherp to feet above, being thinner* 
The ejitTeme thickness is at a'little way north from Aladdin where 
the lower lens becornes S to 9 feet; hut both thin awa>\ being re¬ 
placed with impure coal, before disappearance. The coal at Aladdin 
is soft and bituminous^ as it ts also at Sundance, In the Cambria 
district, on southwest side of the region, there is an oval space of 
about IQ sf^uare miles, in which the coal averages 5 feet, but, in the 
surrounding area, the thickness decreases* the coal becomes impure 
and carbonaceous shale replaces it. On the southcni slope of the 
Black Hills, a coal bed^ 5 feet thick near Edgemont, is distinctly 
local; it e|uickly disappears toward the southeast, giving place to 
sandstone; while toward the uorthwestp it becomes merely a coaly 
shalcL There is little cCklI on the easterly side of the Ekck Hills* 
Only thin lenses of coal and coaly shale were seen, and these are con¬ 
fined to the norlherly portion. The thick bed near Aladdin has a 
bone parting somew^hat more than one foot thick* which, in appear¬ 
ance, closely resembles cannel; it has 38,69 per cent* of ash. The 
upper part of the Lakota holds much petrified wood; cj'cad stems 
are numerous at several localities, 

Darton recognized his Goverl3'' formation on both sides of the 
Bighorn Alountains in north central Wyoniingp where, in much of 
the region* the Dakota sandstone appears to be wanting. Streaks 
of coal were seen occasionally in the Lakota, bul they offer no 
promise of econonucnl importance. Fisheri*^ srw Lakota coal in 
the drainage area of No Wood creek at the westerly base of Big¬ 
horn Mountain, It is less than 50 feet above the Morrison forma¬ 
tion and is found within a considerable area. One opening was 
in a bed divided b)' a parting of 2 inches into benches* each 4 feet; 
but ihc coal is a lens and thins away rapidly on all sides- The 
coal i$ dark with dull earthy luster, conchoida) fracture and re¬ 
sembles carbonaceous shale ; but it is bituminous coal with not more 
than 11 per cenL of ash. Fisher suggested that the formation might 
he Dawson^s Kootenai, No coal was seen by Woodruff wdthin the 
southw'estem part of the Bighorn Basin and the formation appears* 
according lo Darton, to be barren in central western Wyoming* bui 
IIS £ j\. Fisher* Bull 225, 1004 pp. 55S, 362, 
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coal, too thin to be worked, was found by W'^ashburnc in the uorlh- 
ea;^t part of the Bighorn Basin near the Montana bne.^** 

Calvert reports that, in the Elifetric coal field. Park County, 
Montana, the Kootenai is 577 feet thick and with same general 
structure as that of the Clovcrlj^ The Fuson, ^30 feet^ consists of 
variegated shales, limestones and thin sandstones; the Lakota, 249 
feet, has a coal bed, one foot thick and underlying a conglotnerate 
sandstone; but it seems to be local. In the Llvtiriigston coal ficU! of 
the same countyj the Kootenai is 540 feet thick and apparently has 
no coal. In the Crazy Motmtains coal field of Meagher County, 
north from Park, Stone found the Kootenai only 235 feet thick vvith 
variegated sandstones in the upper half and variegated shales in the 
lotvcr half. Tile lowest of the simdstoncs 1$^ coarse and has layers 
of conglomerate; it overlies one foot of black shale; no coal is re¬ 
ported.^’® 

Calvert^’^ found 512 feet of Kootenai in the Lewistown coal 
field of Fergus County^ where the upper part is variegated shale 
with two massive^ cross-bedded sandstones. S and 25 feet thick; 
the lower part, 147 feet, is coarse sandstone* locally conglomerate, 
with sandy shale. The ^vorkable coals of the Kootenai io this field 
are in the low'er portion at 60 to 90 feet above the base and under¬ 
lie a massive cross-bedded sandstone, in some districts only one 
seam is present hut in others there are sevemL Tlie seams arc 
distinctly lenses, separated by unproductive spaces. The thickness 
seldom exceeds 5 feet and ordinarily the coat is divided into benches 
by partings of shale or bone, TTie roof is shale or sandstone and 
the fioor is shak or day; in many cases a bench-bone is at top or 
bottom of the coah A dull* lusterless coah resembling canneh was 
seen at sc\^eral places but especially In the Mace mine, where it 
occurs as lenses within the coal^ the largest being 200 feet long. 
The coal is accepted as bituminous, but ihe percentage of ash varies 
greatly. 

The Great Falls coal field in northern Cascade County^ west 

1 E G- WocKlrttfir, Bull, 341* p, ^3; C,^ W. Washbu nie^ thfl same, p. 170; 
N, H. Dartoti, &uiL See. Atnfr.^ Vol. 19. pp. 447-449. 

‘ VV. R. Calvert* ButL 4 ;!-^* 34k 53k 5^; It W. Stone, Bulb 341, p. go. 

W. Rr Calvert. Bull 34^. FP. IIO. lij, 117, 119; Bull 390, pp. 
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from Fergus and north froni Meagher, was e?farnined by Weed and 
afterward by Fi$her.^^ The Kootenai, 400 to 500 feet, according 
to Fisher biri about 750 according to Weed, wa$ formerly regarded 
as Dakota p but J. S. Neu-beny in 1S87* cited by Weed, determined 
that it b Kootenai* The Dakota was not recognized^ The indi¬ 
vidual deposits are inconstant^ sandstones and shales alike being 
Lenses. The coal horizon is about 60 feet from the base and the 
seams are clearly lenses* Weed has described the coals in detail. 
The great coal seam« with extreme thickness of 12 feet in Sand 
Coulee districtn splits toward the wTst into two beds, which^ where 
last seen^ were separated by 25 feet of shale* The seams are usually 
divided and the benches often differ in quality of the coal, coking 
and noti-coking being found within the same bed* Picked sampler 
from one t>ed had l^rely to per cent, of ash, but one from the 
middle jjart of the bed had 27 per cent. Official samples^ collected 
by Fisher, give from i6 to 23 per cent of ash. As in ^mpling of 
the coal, nothing is taken which ought to be removed in mining, it is 
certain that this fuel, as it reaches the consumer^ must be decidedly 
inferior in quality. 

Stefainger^“ gives about 2,000 feel as the thickness of Kootenai 
in the Teton coal fields which, like the Great Falls field, is near the 
western boundar}' of Cretaceous deposition in Montana, The for¬ 
mation is practically without coal, there being only some black shale 
with 6 or 8 inches of coal. 

The Kootenai shows great variation in thickness within Alberta. 
Dowling,summarizing observations made by himself and others 
in various parts of the province, states that the maximum tleposition 
was near the axis of the Pocky Mountains, where the base is a 
great bed of sandstone, succeeded by sandstones and shales with 
many seams of coal. In the Elk River escarpment, it is 3,600 feet, 
but at BLiirmore, toward the cast^ it is but 750 ; northward, near 
Banff, it IS 3,900 feet, but in Moose Mountain, east from the main 
range, it Is only 375 feel. Farther east, the formatiou is unim- 

W. H, Weed, Buli CtAsL Amcr.f VoL 3* iS^, pp. jfti, 303, 313- 

; C A Fi&her, Bull. 35^5, igog, pp- 50 - sip 5^* 77, 7^ 

E, Stebinger, Bull. 621-/1', lpl6, p, 1S4. 

D. B. Dowlings Geot. Survey Mciaolrn 33. P- 
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portart owing to thinning of the beds; it lias not been recognized in 
Manitoba, 

In Alberta, the Kootenai is fully exposed only in the more dis- 
tuitied portion of the Rocky Mountains area and the more im¬ 
portant coal deposits, for the most part, are n^est from the Moun¬ 
tains In British Columbia* Mackenzie*" measured about yoo feet of 
Kootenai on Oldman river in southern Alberta, in the Foothills 
region* Tlie rocks mostly arenaceous. An overlying sandstone 
formation was assigned to the Dakota. A Coal Measures group, 
about 300 feet thick, is in the upper part of the Kootenai, where the 
sandstones increase in coarseness. Near Blairmore, five coal seams 
w'cre acammed; the total is about 40 feet, but two of the beds are 
poor and shaly; elsewhere the quantity of coal is less. 

The Crowsnest coal field’*® is farther west, in and beyond the 
Mountains, and the greater part is in British Columbia. In Crows¬ 
nest pass, within Alberta, McEvoy gives a section of 4 , 73 ^ 
w'hich he regarded as wholly Kootenai. The coal bearing portion 
begins at 1,170 feet from the base and is I .&47 feet. The coal is 
igS feet, somewhat less than in the main field farther ivest. Mc- 
Leam*" slates that the loiver part of the Kootenai in this region 
contains abundant remains of plants and erect stems of trees, 

Dowling*** examined a small area of Kaoteijai on the North Sas¬ 
katchewan river, about the 55th degree and near the iiSlh meridian. 
There, behind the Brazeuu Hills, he saw S coal scams within a ver¬ 
tical distance of 631 feet. The lowest and highest, wHth somewhat 
more than 12 feet thickness, yield worthless coal, but the second 
and third, with about 33 feel of coal, are good, though the ash is 
rather high, being from 12 to 15 per cent*: the grade is semi- 
bituminous. 

Malloch'™ reported upon an extensive district farther west, on 
the he.ndw'atcrs of the Saskatchewan, Bighorn and Brazeau Rivers, 
and within the outlying ridges of the Rocky Mountains. The thick¬ 
ness of Kootenai is 3^658 feet, which is unexpectedly great, as 

J. D. Mackcniic, Summ. Rep. Cwl, Survey, Canada, pp. syp, 24J. 

»»" J. UcEvov, Ann. Rep., Vol. XIIL, Ipoo, PL ri, pp. 

F, H. McLenm, SiunttL Rep.. Vpij. p. III. 

«• D, R. Dowtiag, Summ. Rep, far 1913, pp. 150, 151. 

t» G- S. Malloch, Memoir p-a, ipn, pp. 25 , 31t33p 53. 53, SP. 60. 
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farther south in th* foothills tho fonnatioa is tliin. In the basal 
700 feet, there is a ripple-maTked sandstone as well as shales and 
sandstones with impressions of taJn drops. Sandstones and shales 
are irregular throughout and dear etndence of contemporaneous 
erosion was ohscrv ed at several localities. Some thin beds ot con¬ 
glomerate were seen but they are indefinite and are dearly local. 

Twenty-one coal seams were seen in a sertion of 2,^60 feet* from 
2 inches to 9 feet thick; in another section of about ipioo feel in the 
upper part of the fomtation* 7 seams were seen* wHth total thick¬ 
ness of about 26 feet* while in a third of nearly 1*300 feet, there 
are S seams with total thickness of more than 52 feet, besides other 
seams 1 eS 3 than 3 feet thick. Comparison of the sections make clear 
that the scams are lenticular* The coal throughout is bilnminous 
and, wnth rare exceptions* is coking. The quality is excellent, ash 
and sulphur being low, 

Malloch thinks that the shales, sandstones and conglomerates 
are of fluviatik origin. Absence of roots in the door of coal seams 
leads him to suggest that these may have developed in bogs within 
choked oxbow's or on coastal plains. The quantity of coal decreases 
rapidly eastward from the mountains. 

Some Chemical Featuhes of Cretaceous Coals, 

No substanct resembling tbe pyropisslte of Saebsen has been 
mentioned by any observer, the only allied material being that seen 
by Dunker in the Hannover region, whit* he thought might be 
hatchettin. Resin of one sort or another occurs commonly; it is 
termed Bernstein, retinite, walchovite or simply resin by various 
authors. It is in grains or in lumps several inches long in the Lower 
Quadcr coals of Bohemia and Moravia; at one locality in Hungary 
it is so abundant as to give the local name to a coal scam; there is 
much in New Zealand; in North America, resins are characteristic 
features of coals in the Uramie, the Fox Hills and the Pierre as 
well as in those of the Benton. The color is from honey yellow 
to dark yellow and according to Thiessen is rather darker in the 
Fox Kills coals of northern Colorado than in the Eocene coals of 
the Dakotas. Resins appear to be wanting in bituminous coals of 
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^ade; at least, no note i$ made anywhere respecting their 
e.xistence in such coals. 

Cannel has been reported from numerous places. Often it cvi- 
dently is little more than highly carhonaccous mud, forming a faux- 
toitp faux-mur, or a thick parting, which may be regarded as roof 
and floor to the benches which it separates; but typical cannel is by 
no means rare. A great cannel lens was seen by Hector and by 
Campbell in one portion of the Buller coal field in New Zealand and 
Denniston has referred to what are clearly localized cannel deposits 
in coal beds. Hector has given the proximate analysis of the lens as 
water. 6.20; ash, 3.60: volatile matter, 6141; fixed carbon, 38.58. 
Within the United States and western Canadaj cannel has been de¬ 
scribed from Laramie^ Benton and Kootenai horizons. 

Cannel was discovered in the Benton of the Colob field, Uuh^ 
by Richardson, whose description show& that it is the lower bench 
of at least two lenses occurring at the same horizon* The material 
was studied microscopically by D, Wbitc, who recognized it as a 
typical cannel. At a later date it was studied in detail by ITaics- 
sen/” isvho reported that it has the appearance and characteristics 
of cannel. Under medium enlargement* the coa! is a dark, homo¬ 
geneous mass, in which are embedded resinous particles^ dark and 
light, with some large spore exine^ and cuticles, this embedded ma¬ 
terial comprising about one half of the w^hok. Under higher powder, 
the enclosing material is showm to be like the “grouiidmass " of 
Other coals* being in largest part a mass of closely packed very thin 
flattened particles, most of which are spore and pollen exines, with 
small fragments of cuticles* In great proportion, these are frag¬ 
mentary and many are so macerated that they are unrecognizable; 
but even in this condition, the color and optical action arc the same 
as in the recognized cuticles and cxincs. As all intergradations are 
present* he thinks it reasonable to conclude that the origin is the 
same. With this is the amorphous substance or binding material 
as in the debris of lignite. The darker resinous substances are 
the more abundant and, in color as well as in appearance, thev re. 
sctnbk those of lignite. Many are cylindrical having retained the 
shape of resin cells In the wood* Smaller particles enter into the 
Ti. Tliksscn, Origin of Coal “ 1^14, pp. 244, 24^ 
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grouiidmasSr The darker resins are dfiftp brown in color and in 
general arc opaquely glassy. 'fhe lighter^ resins are in striking con¬ 
trast and tend to be, more irregular in form. Besides charred cell 
fragments, few other bodies are present and none of them is m rec¬ 
ognizable condition. In \^riety of constituents, this coal is very 
simple and thus approaches Paleozoic tannel very closely. It is so 
brittle that proper sections cannot be prepared. The analysis 
showed 67.61 of volatile matter and 3^.39 per cent, of fixed carbon 
m the pure coaL The canncl is overlain by a thin bituminous bench, 
which has 60 per cent, of volatile to 40 of fixed carbon, making 
probable that the upper bench contains much spore material. 

Canjiel is said to be present in the Lakota sandstone of the 
Black Hillst at a Kootenai horizon^ where it is in two benches^ each 
abodi a foot and a half thick and overlain by bituminoiis coal. 
The proximate analysis suggests that this ss more probably a bony 
coal, as the volatile is hut 3S.64 and the fixed carbon 6^46 per cent 
in the pure coal ; the ash is ^4.16. Caiuiel is present in the Kootenai 
of the Elk River district of Alberta, the composirion being 65.55 of 
volatile and 3445 of fixed carbon; the ash is only 9,86 per centJ*^ 

That coals of very different types may occur in the same vertical 
section is evident from conditions in the Wealden of Hannover, 
Dunker^®' states that in many localities the coal resembles the older 
hkdi coals, there being no trace of woody structure and the streak 
is blackish brown. This type of coal was analysed by Regnault; 
but lignite is present also+ whkh preserves the woody structure 
and has reddish brown streak. A sample from Helmstadt was 
analyaed by Varrentrapp* The results are r 
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Beside these there is the BlatterkohlCp composed of leaves and twigs 
of conifers and cycads* which is so little changed that the leaves 
become flexible when soaked in w ater. This type occurs in the same 

, *"U, Sp Eureaa af Miints, Bull. 2 ^ 1513, p, iw; B- Ikwlitiff, GeoJ. 
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vertical section with other coals, some of which are of the ** black 
type. No analysis of the Elattcrkohle is given. Dutiker conceives 
that the black coal was fornted from lycopods and fems, as no rc^ 
mains of other plants have been found in it j the lignite^ however, 
seems to him to be composed of coniEerSp cycads, lycopods ami ferriB, 
The ash of the Wolden coals tn Hannover* according to analyses 
made by Sanrwein and published by Zinckeii.^^* appears to average 
high, for in most cases the percentage exceeds 13. 

Cijzek^^^ has described the black coal with black brown streak 
mined near Grunbach in Lower Austria, which occasionally contains 
fragments of brancheSp retaining their form but showing no trace of 
fiber. This^ belonging to the Upper Cretaceous, is a Lignitie coak 
fon 3 ^ analyzed by Schrotter^ it has carbon, 7^1-84; hydrogcji, 4,60; 
oxygen, 20,56. The water and ash are very lov:. The important 
coals of Hungarian Cretaceous are in the middle or fresh-water 
formation consisting of marls and coal beds. Hantkcn presents no 
detailed analyses; the water and ash^ for the most part, are less than 
10 per cent. 

The Cretaceous coals of Queensland are rarely thick enough to 
be workable; they occur as lenses scattered over a great area. The 
analyses reported by Jack^^^ arc all proximaie; reduced to pure coal 
for fixed carbon and volatile they sbow^: 
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The coal of No. V.* belonging In the Lower Cretaceous^ cokes well. 
The stratigraphic rebtions give no explanation for the low volatile 
of No. IV. Tliere is no relation betwem ash and volatile^ for the 
ash of 111 , is almost ten times that of V., but the volatile is almost 
the same in both coals. 

Ztndctn^ “Erganfungm m der PhjrsbgrapJiic der Braunkohkp" 
HalJc, 1S71. pp. 4 t 

_ k. fr. ReichifiiiJf,, Vql. IL, Part i, p. 144, 

™ R. L Jack, '' GcDloey of Queensland,'' pp, 533^ 
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The analysts of Hew Zealand coals are proximate. Hector has 
published those of samples taken from different parts of two im¬ 
portant seams t 
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The difference in volatile of I, and TI., from the same bed. is un^ 
usually great. Cox has given the results of numerous analyses of 
coals from the Buller field; the coal is bituminous and that from 
some mines is caking. The ivater content is very low, seldom ex¬ 
ceeding 7 per cent. The ash b amazingly small, there being less 
than one per cent, in 9 of tlie 14 samples and only 4 exceed two per 
cent. Analyses of coals from Otago, as reported by Hutton, have in 
most cases very little ash. One cannot resist the suggestion that the 
samples may have been selected " average” lumps."* 

Many thousands of analyses of coals have been made by the 
United States Bureau of Mines and a great number have been made 
for the Geological Suiwey of Canada. The samples consist of cuts 
across the 'whole bed, omitting such partings or benches as should be 
removed before shipment of fuel from the mine. For the most 
part, the santples have been taken from mines In successful opera¬ 
tion or, if the region be undeveloped, from such seams as gave 
promise. The purpose of the sampling is to determine the com¬ 
mercial %'a1ne of the pro[jcrty and the method is beyond doubt the 
best yet devised. But the student of geological rebtions should read 
the descriptive portion of Bulletin 2a in order to learn how far the 
analyses concern matters occupying his attention. 

The Laramie coals. The Laramie formation, as defined in pre¬ 
ceding pages, contains at most localities only thin seams of coal; 
but In the northern part of the San Juan Basin of Hew Mexico 
and Colorado as well as in the Edmonton region of Alberta, the 

i«»J Hector, New Zealand Reps, for pp. [35t J- H. Cox, the 

same, for 1^74-6^ p. 35: F, W. Hutioo, " Geologj- of Oaeo;' i«7S. PP- mi. 
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seam^ become thick and of econoinic importance. Two amly^ of 
the great Carbonero seam have been publighcd^ L neat' Fruitland, 
where the seam cotisisls of bone, shale and coal, 12 feet^ and at Isase 
5 £eet of coah which sampled; IL near Pendleton, where the 
thickness is 48 feet, but only 7 feet were mcltided in the sample. 
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The Etbnonton coals are subbiuiiuinous and break up on exposure: 
but tbis dismtegration is much less rapid if the fuel be stored under 
cover, Dowling has reported the results of numerous analyses* 
which show no serious mriadoii in composition of the pure coal: it 
suffices to cite three from the upper groups which includes the great 
seam on Pembina River, and one from the Cover Bar group several 
hundred feet Sower in the sectiom 
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Coals of the Cover Bar group appear to be less advanced in con¬ 
version than those of the higher group; three samples from different 
mines yielded 43, 45 and 47 per cent, of volatile- The ash rarely 
exceeds 8 per cent.^*^ 

The Fox Hills coals, TTie coals taken by the writer to be of 
Fox Hills age are irregular but they are better than those of the 
Laramie^ within the United States; and m some extensive areas they 
arc of great economic importance. Along , the eastern base of the 
Front ranges^ these coals are mined on large scale in seycral fields 
from New- Mexko almost to the Colorado-Wyoming line; in inuch 
of the rt^od the seams are broken more or less by bony parlingSp hut 
these are separated readily and they have not been included in the 
samples taken for analysis. Of the analyses. Numbers I, to V, are 

jBT U. S. Bureau of Mtnrs, Bull. ^ p, 141; D. B. Dowling, Memoir 53.1 

ftp, lip x8, 2l, 47^ 
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from the Raton-Trinidad field; \ L and VlL are hom the Canyon 
City field; VIII. and IX. from the Bottlder District; and X. is from 
Platteville^ about 40 miles north from Denver. 
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The ash is high at the southp hut the seams in the lower part of the 
Vertnejo group yield a fuel so good for steanildg purposes that the 
high ash becomes unimportant; the ash decreases northwardly and 
in the Boulder District it is about that of an ordinary good coal. 
But in the same direction the type of coal changes; in the Eaton- 
Trinidad fieldp one finds usually a high-grade bituminous coal, that 
from some extensive mines yielding a strong coke; in the Canyon 
City field, the coal is still bituminous* but it does not cake and the 
oxygen h about double that in the Trinidad coals; in the Boulder 
District, the coat is distinctly subbitummous. Is xyloid in appearance 
and disintegrates on exposure. There are no such violent con- 
trasts between proximate and ultimate composition, such as have 
been recognisied in some of the newer coals. 

The Fox Hills as a coal-bearing formation Is important in south¬ 
western Wyoming; the Adaville scant of Uinta Countj' has maxi¬ 
mum thickness of S4 feet; at least a part of the Black Buttes coal 
group in Sweetwater County belongs here; the coal assigned to the 
Lewis m Carbon County is taken by the writer to be at a Fox Hills 
horizon. The seams become thin and unimportant castwardly. The 
AdnviUe seam yields coal of almost the same composition at two 
widely separated mines, which differs little from that of the Boulder 
District in Colorado. The volatile in the coals of Uinta and Sweet¬ 
water Counties varies from 38 to almost 49 per cent*, though in the 
coals compared tlie carbon is almost the same throughout The 
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lowest percentage of carbon m cither county is barely 73; usually it 
is somcivhat more than it per cent, Tliese coals arc high tn water 
but not in ash. They arc classed as subbituminous and are not held 
in high esteem as better fuel from the Pierre is readily accessible.’ 

The Pierre coals. These attain great importance in the San 
Juan. Uinta and Green River Basins as well as in portions of 
Alberta in Canada. There are few localities tvliencc coal, positively 
recognized as Lower Pierre, has been taken for official analysis. 
Probably the Hagan coal af Sandoval County m New Mexico be- 
longs here, but the only available analysis is proximate* The Upper 
Pierre or the Lewis and the Bearp^''' shales have no coal deserving 
consideration. The Middle Pienre or Mesaverde. as originally de¬ 
fined. is the productive formation. Its co^s are mined in the Cerillos 
coal field, where all grades from bituminous to anthracite are ob¬ 
tained ; and in various parts of the San Juan Basin. Of the analyses 
given here, L and IL are from the Cerillos field. 111 - and IV. are 
from the southern part of the San Joan Basin, V.. Vl. and VH. are 
from the northern part. 
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The sample IIL consisted of slack and VIL represented the run-of- 
minc, IL and VII. yield a high grade coke. The anthracite of 
Cerillos is believed to be due to a sheet of andesite overlying the 


seam. 

The Mesaverde coals of the Uinta Basin are in two groups, sepa¬ 
rated by a thick sandstone; 'Fbc upper group, the Paonia shales, 
has many coal beds of which one or more may be workable at a given 
locality; the lower group, Bowie shale, contains important scams. 
In the southeaatera part of this basin, the Paonia and Bowie cannot 

«« Bull 23; PP- IJ?. 138, tig, s8, 54, 5 Si fi* for Colorado-New Mexico; 

pp, 310, 319 Wyoititn®. 
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be distinguished; yet in the western part the coals differ altc^ether. 
The Paotiia coals arc sobbituminous, with 15 to about 20 per cent, 
of water, almost 17 of oxygen and less than 76 of carbon; whereas 
the Bowie coals have less than 4 per cent, of water, 9 to 12 per cent, 
of oxygen and from 79 to 83 per cent, of carbon. The Faonia coab 
are at limes rather high in ash, but the coal mined from the Bowie 
is uniformly clean, the ash rarely exceeding 6 per ciait. 

ITie ilcsaverde coals are important in Sweetwater County of 
Wyoming, within the Green River Basin. There, as in the Grand 
Mesa area within the Uinta Basin, the coals are in two groups, 
Almond and Rock Springs, w'hich are separated by a greater interval 
than the Paonia and the Bowie. The Almond coals are lower in 
water than are those of the Paonia, but the oxygen is higher while 
the carbon is from 72 to 76 per cent. The Rock Springs coals have 
about 5 per cent, less of oxygen and tlie carbon varies Uttlc from 
79 per cent. Farther north in Wyoming, within the Bighorn Basin, 
a coal is mined near Cody which has 2I per cent, of oxygen and only 
71 of carbon-’” 

In Montana, the coal seams are more irregular than in southern 
areas, the lenses, for the most, are of less extent and the coal is apt to 
be dirty. The Judith River seams, or approximately the Upper 
Mesaverde, are of aubbituminous coal ^vith water from 10 to 25 
per cent., 16 to 20 per cent, of oxygen and 72, 73 to 76 per cent, of 
carbon. But the coals of the Eagle sandstone arc bituminous with 
12 to 16 of oxygen and 76 to 80 per cent, of carbon- The ash 
usually is high, 13 to more than 16 per cent. 

Dowling has published many analyses of Belly Rivers coals from 
Alberta. They are proximate but they represent a great number of 
localities The water rarely exceeds 5 per cent, in the Foothilts 
region but in the Lethbridge-Medicinc Hat region it increases cast- 
wardly and, near Medicine Hat, it is about 20 per cent. The ash in 
beds of workable thickness is low, seldom exceeding 8 per cent. Ac¬ 
cording to two analyses of Lethbridge coal, published by Steb- 
ingcr,”® that fuel is on the borderlaiid between subbituminous and 

U. S. Burtau of Mieej. Bull. 22, pp. 6?, T40, [41 fur San Juan Basin; 
pp. S5. 5^ for Uinia Basin: pp. 313. 31 ;. 3 !* for Green River Basin. 

M*E. Stebinger, Bull. 6 si-K, 19U. P- 133 . 
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bktiniifiQU^, but it is cif better qualily in respect of aih tliaji the 
Montana CDoals at the same hodzon. 

Thf Bniton Coals. —The puhlbhed reports contain no reference 
to occurrence of coal in rlrposits representing the Niobrara lime 
fnten^al; the coal seams are associated with rocks containing Benton 
fossils. These coals are confined to the western part of the Cre¬ 
taceous area within Arizona and Utah, though extending east war dly 
for a short distance into Ne^^ Mexico, Colorado and Wyoming. ITte 
coal in Arizona and New Mexico is rather high in ash, about 14 to 
16 per cent-, and the sulphur seems to he not far from 2 per cent., 
so that it is an inferior fuel, .Analyses 1.^ II. and IIL are from 
Iron County. Utah, where the coal seams ate often closely associated 
with marine limestones; IV. is from Emery^ County^ where the coal 
is mined extensively - V. and VL arc from Uinta County, on the 
northwest side of the Uinta Basin. 
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The carbon is highest at the w^est in Iron Cotuity, being more than 
S3 i^er cent, in the pure coal of L; It ia 78 in the pure coal of HI., 
81 in that of TL and 81 in the best coal from the Emery coal field. 
Tlie sulphur in Iron County is so abundant as to suggest contribu¬ 
tion by animals, V'. and VI* are the upper and lower benches of a 
single bed and show improved conditions during formation of ihe 
upper bench. Lee ha.s given analyses of the upper and lower benches 
of a bed in Delta County of Colorado^ the upper bench h^ 6 per 
cent, anti the loiver bench 22 per cent, of ash, There^ as in the 
Uinla County seam, the lower bench, though richer in ash, is poorer 
in volatile. The Frontier coals in Uinta Count)^ of Wyoming, in 
the Green River Basin, have excellent fuel tn several of the seams. 
They arc biluniinouSt low in ash and sulphur and have from 77 to 
almost Si per cent, of carbon.^** 

Bureau of Bull. 22, pp. 47, 13;^; lof Utali, pp. Sov 193, C. 

T. Lupton, Bull. 628, p. So; W, Lee, Bull, 510, p. 201, 
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The «a 1 s of Dsikoni age are insigiiificafit. The only ulttmate 
analysis shows that in one case^ at least, the coal i$ high'^ade 
bituminous but with notable percentage of ash. 

Tlie Kootenai is without coal south from the northern border of 
Wyoming and there as well as in Montana the coal is not of high 
grade. In the Black Hilb of Wyoming one finds extensive mines 
at or near Aladdin. In one of tho^se llie water is from 14 to 18^ the 
ash from about 5 to f6 and the sulphur from 5 to 7 per cenL, all in 
freshly mined coal. Within ^lontano, the Kootenai coals become 
important locally and are mined at many places in Cascade and 
Fergus Counties. In the former county, the water is but 3.5 to 7.5 
per cent, but the ash is from 14 to 21^ Sulphur is less than 3 per 
cent. The coal is bituminous, the carbon m pure coal being about 
80 and the oxygen, barely 15 per cent. In Fergus County, the ash 
within several districts is from lo to 17 per cent ol the air-dried 
coal; but only 3 out of 10 samples gave more than 10; the sulphur^ 
however^ is much greater than in Cascade, being 5 per cent, and up¬ 
ward, The percentage of carbon in pure coal is from So to 85 and 
that of oxy'gen 9 to 15+ But one analysis shows only 75 of carbon 
with 19 of oxygen.^ 

Tlie analyses published by Dowling^** show regional variation in 
the coals of Alberta. The ash is highest in areas near the moun¬ 
tains, where three districts have 13 to ^2, 10 to 20 and 8 to 17 per 
cent. In all other areas, St rarely exceeds 8 and is usually about 5^ 
The water is about 3 per cent. Sulphur is in small quantity, there 
being one extensive region with barely a half per cent. The coal is 
bituminous and often is caking. Aiithracile is obtained in disturbed 
districts. 

In reading the results of analysis as given above, one is in danger 
of concluding that " clean coal is the rule and dirty " coal the 
exception. Emphasis must be laid on the fact that samples for 
analysis have been cut, for the most part, from mines in successful 
operation or from promising exposures. I^ses yield the best coal 
in the central portions: toward the borders, ihetr coal Incomes dirty 
and usually passes into carbonaceous sliale. In many vertical sec- 

1^3 Rqil. ^2, pp. 136 , 137, tjcHi33r 

D, B. Dawllntr^ Memoir 53 , pp. 74-7&- 
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ilmibj one observes tliat a large proportion of the seams arc dirty 
and m reading descriptive notes of seams from which samples were 
taken, he finds that only in rare instances is a scant, upwards of 
3 feet thick, dean throughout, while of thiedter seams, a half or more 
must be rejected in sampling. Even in ihiofier seams, selection of 
samples requires no little skill. The testimony of observers, cited 
in preceding pages, proves that a very great psrt of the Cretaceous 
coal was formed amid conditions unfavorabte to accumulation of 
clean coal. Generally speaking, foreign materials are in partings^ 
but occasionally the mineral matter is distributed throughout so that 
It cannot be removed by w'ashipg, 

SOM:haiv* 

The facts recorded in preceding pages may be grouped to make 
clear their bearing upon the matters at Issue. 

r. 77 ic Dhtributiotv of CoaL —One who reads reports covering 
an extensive area is liable to believe that caprice has determined 
the distribution of coal. The presence of coal at one locality gives 
no assurance that It will be found at the same horizon in others^ for 
great barren spaces exist between productive areas, so that indi-^ 
vidual seams appear to have small areal extent; apparently, the total 
area on which coal was accumulating at any time was a compara-- 
rivcly insignificant part of the whole. There is+ however, an evi¬ 
dent reblion between occurrence of^ coal seams and the prevailing 
character of the sediments^ which would justify the assertion that 
in one locality coal may be present, and that in another it is almost 
certain to be absent. The descriptions seem to prove that coal 
seams accumulate only under conditions such as mark great river 
or coastal plains, where intervals of relatively rapid subsidence were 
■followed by others, during which subsidence was sloiv; finer nia- 
tcriais were deposited upon the coarser and coal accumulation be¬ 
gan. But where the dqwsits are fine, such as those laid down at 
a notable distance from the source of materials and under a prac¬ 
tically constant cover of w'atcr, coal is not present. 

The relations are sufficiently dear in the Upper Cretaceous of 
Europe. Coal is of rare occurrence tn England, France and west¬ 
ern Germany, where the deposits, almost without exception, are 
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marine and largely calcareous; but in a part of France^ the dosing 
stages are characterbed by thick fresh-water deposits and £hin 
$eaxn^ of iigniuc coal have been observed. Land deposits abound 
in eastern Germany and there coals are fotmdp^ which at rimes attain 
economic*’** importance. The Hastings Sand of England, at base 
of the Wealden, is thoiighl to he a delta deposit; if so^ the areas re¬ 
maining may marie, in greatest part, the submerged portion^^ as 
they contain no coal and the sand holds much drifttvood. This 
fonnation ha& been recognized in France, where within small areas^ 
some coal seanis exist which have been minci The Wealden is 
exposed within a large space in Hannover, reaching tvestward from 
the Harz Mountains to the Holland border^ %vhere it underruns 
newer formations. At this western limit, the dcpp&its arc fine 
clays or marls with important limestones, but no coal. Coarse de¬ 
posits are reached farther east and wnth them the coal. The seams 
are usually thin and irregular, hut occasionally one is more than 5 
feet thicks In a section, toward the west, where shak^ more or less 
argillaceous^ predominates, a workable seam occurs, but It is asso¬ 
ciated \vith the principal sandstone of the section. The coals of 
New Zealand and Queensland either rest on sandstone or are sep¬ 
arated from it by thin day or shale. 

The immense area of Cretacoons in the United States and Can¬ 
ada affords ample opportunity for comparisons. Each formation, 
w'ith possible exception of the Niobrara^ is coal-bearing. The 
chief source of detritus was at the west^ though important contribu¬ 
tions were rceetvcd from the southern border, which probably by 
in northern Mexico, not far from the international houiidary. 

The Laramie marks the dosing stages of the Cretaceous and, 
where the succession is complete, deposition appears to have lieen 
continuous into the Eocene. Except in a portion of Alhcrtat where 
a brackish-water fauna h found, the rock& are of continental type; 
leaves abound in many beds and the animat remains are of river or 
pond forms. The conditions recall those observed on the great 

1** It jliduld be nat^d that this tenn, “ccenomk tmportancet" has not the 
ftamc signiheatipn crciywherc: in tlie United Slates, a. coal scaiUi less than 
thirty indies thick, is not thought to be workable, except in localities wilhout 
rail ■A’ay conirnuniciition. On the totitlncnt of Europe SHfiams very mnch thmiieT 
have been worked. 
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plains of China, The drainage appears to have been irregular and 
shifiitigp the deposits are variable in forju and composition, and 
cjEcepi in a lew localities, widely separated, the coal seams are thin. 
The periods, during which coal accumulation was jKJSsible in any 
locality, were usually brief i but in the northern part of the San Juan 
Basin, one seam attains the thickness of lOO feet and in the Edmon¬ 
ton district of Alberta the seams are not only thick but, unlike the 
seam in the San Juan, they yield coal of excellent qiiatily. 

The Fox Mills, underlying the fresh-water Laramie, is rccc^niJ'- 
able as a persistent sandstone with intercalated shales and coal 
seam$^ It resembles a low-lying strand of vast extent, frccjuently 
invaded for considerable periods by the ^^ea, so that it has an off-^ 
shore fauna, which is of strangely persistent type. This is passage 
from the continental conditions of the Laramie to the marine con¬ 
ditions of the Pierre, The coal scams* yielding bciter fuel than that 
from the Laramie seams, are thin and ^'■ariable at most localities» 
but at times in considerable areas, some of them become thick and 
of great economic importance. Merely insignificant seams occur in 
the San Juan Basin except at the north,, where two^ 4 and 12 feet 
thick, are present in the shales Immediately overlying the Pictured 
Cliffs sandstone. In the Green River Basin, the Adaville seam has 
a maximum thickness of 84. feet, but the scams become thin easl- 
wardly and there arc great spaces in wbieh the formation seems to 
be barren. In central and eastern Wyoming as well as in Montana 
and ,Mbcria* only occasional exposures of coal have been reported 
and those are unimportant. In the basins along the eastern fool of 
the Front Ranges in New Mexico, the scams are numerous and 
some horizons are extremely productive along tilts line of more 
than 300 miles; but the individual seams are variable to the last de¬ 
gree in thickness and quality* there being many spaces where the 
coal is either wanting or worthless. 

The Pierre at the west and sonthtYest is, for the most pjirt, a 
mass of sandstone and sandy shale; toward the cast, it becomes 
shale at top and bottom, while Middle Pierre or Mesaverde persists 
as a wedge of sandstone and shale thinning caslwardly until it be¬ 
comes replaced wholly with fine shales and irregular limestones. 
This wedge thins away unbroken In Colorado and New Mexico but 
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in Mdntnn^ it h divided by i^hale^ into ^iubordin^te wedgeSp and 
these ** fingers '* disappear toward the east* giving^ place to marine 
shales. Coal seams are confined to the areas of sandstone and 
shale, there bein|r none in the fine-grained marine shales^ which 
extend from the longitude of central Colorado to the eastern border 
of the Cretaceous, except in the sandy strip along the southern 
border in Xcw Mexico. In the sandstone wedges, land and marine 
conditions altemated, the former continuing for long jieriods at 
many localities,i long enough to permit accumulation of thick coal 
seams. At the same time, the distribution of coal is indefinite. 
In the southern basin within Ne\i* Mexico^ the coal scams are im¬ 
portant locally^ but they are irregular and there arc broad spaces^ 
which are altogether harrciu The story is similar iu the Uinta 
Basin; coal seams are very imtiierous in the Mesaverde, hut they are 
not persistent; portions of theeolumn showing ivorkable seams in one 
district are apparently without trace of coal in others. The fea¬ 
tures are the same in the Green Eiver Basin; an extensive coal field 
in Sweetwater County of Wyoming has many lenses yielding coal 
of excellent qualitVp but at the sattie horizons in other counties there 
is either no coal or the seams arc mere streaks. Farther east, the 
sandstones thin away and all traces of coal disappear- Elsewhere 
in Wyoming the distribution of coal is certainly' capricious; here 
and there one finds a seam thick enough to be digged for local 
supply, hul such exposures are separated by inter\^als of many 
miles. In Mon tana» coal occurs only in scattered spots, w'hile the 
intervening spaces seem lo be barren. Scams of workable coal are 
more numerous in Alberta and the lenses are larger; conditions 
favorable to coal accumulation existed in a large area* But there, 
as in the United States, the sandy coal-bearing formation thinned 
aw^ay tow^ard the cast and was replaced with shale, in w'hich no coal 
is known- 

The sandy deposits, containing Benton coals, reach only to the 
TCTHh meridian^ aside from an isolated deposit in Colorado near the 
loSth. H’hc most w'esterly localities at which coal has been Found 
are in southwestern Utah, where the conditions are not in accord 
with the assertion that coal is present only in association with pre¬ 
vailingly coarse materials. In those fragmentary fieldSp the rocks 
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are, in very large part, clays* clay shales and limcstcnes^^ the lait 
&er\^ng occastonally as roof or floor to coal scams. The area must 
have embraced not less than 2*000 square miles and its surface nmst 
have been a broad mud flat during formation of the coal scams. It 
ms little above the sca-level- At 50 miles farther east* the condi¬ 
tions arc wholly differcntp for there the coals are associated with 
sandy depositSp as they arc farther north. The rdatiotis appear to 
give support to Gitljcrt's gnggestion, offered more than 40 years ago^ 
that the Wasatch Mountains wxre the source whence the sediments 
ivere derived- In that ca^Cf the conditions would he nomialp for 
the sluggish streams, cariydng only fine materials* vrould build up 
merely a mud flood plain, such as one sees at localities along the 
AtlaiiLic coasL on which peat deposits are acciimulaiing. The de-^ 
posits are largely sandstone in norlKeaslem Arizona* w'^here they 
contain 3 coal seams near the base. Benton rock$ in the southern 
part of the San Juan Basin have about 66 per cent, of sandstone 
and have 3 coal seams; but the sandstone decreases northwardly and 
the coal disappears. The condition is similar in the rtorthem or 
main portion of the basin. 

The Ferron sandstone of Castle Valleyp Utabp at eastern base of 
the Wa^tch Mountains, contains many and irregular coal seams, of 
which some are locally important; but these are confined to the 
southern pan of the valley* where the sandstone is several hundred 
feet thick; no trace of them remains in the northerii portion* w^herc 
the sandstone has become thin. The Frontier sandstone contains 
several seams* yielding excellent coal, in Uinta County of Wyo¬ 
ming, but farther east the sandstone becomes thin and the coal disap¬ 
pears* The Bear River fornmtionc of fresh-water originp ha$ nu¬ 
merous coal seams but it thins away rapidly toward the cast 

The Kootenai has no coal in the soulhcm portions, the first ap¬ 
pearance being in the Black Hills region of .northeastern Wyoming; 
there and in the Bighorn Basin of the same state the rocks arc 
chiefly sandstone and contain i^atches of coal, which are sources 
for local supply; but they are far apart in Wyoming 35 well as in 
Montana, there bring coal in only an insignificant part of the ex¬ 
posed area. In Alberta and the adjacent portion of British Colum¬ 
bia* the individnal scams cover greater areas dian in any part of the 
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United States and the quantity of coal in some Helds is enormouS;, 
there being 19S feet In the Alberta section of the Crowsnest field. 
But the fortuailDii thins easlwatdly and it has not been recognized 
in Manitoba. 

The distribulion of coal in tlic several formations of the Cretace¬ 
ous is ^vholly simiJar to that of peat deposits on coastal pbins. 

2. SirTicturc mid Othir Characteristics of the Accmitfanyhig 
Rocks ,—Information respecting these topics i$ lacking for many 
districts but details given by observ^ers in many others are all in ac¬ 
cord and are sufficient 

T];e VVealden sandstones of England contain driftwood and 
often have rippled surfaces; the shales have sun cracks, while lime¬ 
stone slabSj in many cases, are rippled and are marked by trails. 
Stems of trees, replaced with silica or oxide of Iron^ abound in the 
rocks between coal seams. Grains of coal are in Wealden sand¬ 
stones of Westphalia. The Upper Cretaccc^ns of Borneo and 
Queensland has grains of coal in the sandstones. In Queensland^ 
sun Cracks, worm burrows and trails are notable features of the 
sandstones, w'hich are cross-bedded at roan}' places. Fragments of 
tree sterns^ usually silicified, characterize the sandstones of Queens- 
land+ New^ Zealand and Greenland. 

Many observers report that the Laramie deposits in Colorado 
and Wyoming are extremely irregular, sandstones and shales being 
lenses. In Montana, the sandstones assigned to this formation are 
often cross-bedded^ rippled and contain fossil wood. The Fox Hills 
sandstones are much cross-bedded in parts of Colorado and Mon¬ 
tana. Fossil wood is reported from one locality in southern Colo- 
radOj where cross-bcdding is not uncommon* 

The Pierre sandstones show* cross-bedded layers lu the Cerillos 
field, where some of the beds are locally conglomeratic. Cross- 
bedded and rippled sandstones are in the soulhw'ostern part of the 
San Juan Basin^ and petrified stumps and logs abound at at least 
one locality on the eastern border of the basin. In the Grand Mesa 
portion of the Uinta Basin, the sandstones and shales are so irreg¬ 
ular in distribution that many times 5ections> separated by only a 
short interval, are unlike^ cross-bedding in sandstones w*a& obser^'Cd 
frequently. Within BI on tana, the sandstones of Electric and Liv- 
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iiigstou fields arc much cross-beddetL ^vhlle lu Gcvebnd and Big 
Sandy fields, rippled surfaces were cbserv^ed and the shales and 
sandstones arc ill rude lenses. So also in the Milk River field 
where all deposits are lens-like and the sandstones are cross-bedded. 
In Teton County, the Two-Medicine formation is characterized by 
great irregularity of the deposits and fossil wood abounds t the Vir- 
gelle (Lower Eagle) satidstone is coarse and cross-beddecL The 
conditions in Alberta are similar; the Bell}' River sandstone^ have 
been descrihed as cross-bed<led, rippled and ni.irked by trails; the 
same features were observed farther north on Pine River. 

The Benton in ^Cew Mexico, has+ near the base^ the Tres Her^ 
manos sandstone, cross-bedded, rippled and locnlly conglonieratiCT 
which persists to the north eastern comer of the San Juan Basin, 
Similar features are recorded in the southwestern part of that basin 
as vvcll as from localities in the Uinta Basin. I'he Dakota \$ usually 
more or less cross-bedded and holds local conglomerates. The 
Kootenai of New Mexico is cross-bedded and locally conglomeratic; 
it is rippkd, cross-bedded, locally conglomeratic in the Black Hills, 
where petrified wood, chiefly cycads, is abundant, llic conditions 
are similar in Montana, while in Alberta the same features were 
observed at many localities. 

ITiese features, characterizing the rocks of the several forma¬ 
tions, indicate deposition in, at most, shallow WTtler, as well as sub- 
setjuent exposure to Buhaerial conditions. The rippling and €ro$$- 
bedding were due to water movements in probably most cases, but 
it is possible that there has been too great readiness to accept ihis 
mode of origin as almost universally applicable. The writer has 
observed tbe ripple marks in rocks of several formations anti has 
compared them with wdnd ripples seen by him in the sandy areas in 
the western states and in Russia and Priissm, as well as on broad 
river benches. The resemblance to fossil ripples^ seen in many beds, 
is so great that the mode of origin must be the same for both. It 
may be also that some of the cross-bedding ” was due to wind 
action. The complex structure shown in many diagrams is precisely 
that of the ffolian limestone of Bcruiuda ami observable more or 
less distinctly in many dunes; the "'current bedding"' is cleiirly due 
to stream action. The presence of tree stumps and logs is evidence 
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of &h:illoTiV water and suggests the action of which dropped 

their load on the broad stjrfatc, which wa5 exposed during the in¬ 
terval!* between floods, 

3. Fortii Cml DepositSr —Crelaceoms coal seams are 
lenses. No statement to this effect occurs iii any of the older works, 
as nearly all students^ prior to less than ^5 years ago^ held in a some¬ 
what liazy wavt that coal seams arc continuous de^x^sits- Compari¬ 
son of sections in all fields proves that thi^ conception was errone¬ 
ous. The Wealdtn coals of Hannover arc local* present in One scc- 
ttoii, absent in others, and in all case$ they have small areal extent. 
There is a rather persistent coat horizon at the base, which seems to 
be made up of overlapping lenses. The Lower Quiider has only 
nests of coal, ivliich occasionally beconte tvorkablc; the Hungarian 
coals are well-defined lenses as are those of Queensland; and the 
detailed studies in New' Zealand have proved lens form iu the great 
seams. 

The condition in North America is so marked that it has been 
noted by the great majority of observers during later years. Occa- 
siotmlly, a seam lias an area so extensive that the descriher is un¬ 
willing to commit himself as to the Form, But it must be remem¬ 
bered that, even though the lenses have an area of hundreds or thou¬ 
sands of square miles, the general features are the same Tivith those 
of smaller lenses, united by transgression to form the large one. 

The Laramte coals are in lenses, usually small and thin within 
the United States; the great bed of the Saskatchewaii in .-Mbcrta 
becomes only a thin deposit of carbonaceous shale in its soutliem 
e-xtension* The Fox Hills seams arc lenses, usually thin or impure, 
but locally important and w^orkahlc in considerable areas. ITiis 
feature is uoiew^orthy in all districts along the eastern base of the 
Front Ranges in New Mexico, as well as the southern tier of coma- 
ties of Wyoming, The Middle Pierre (Mesaverde) is probably the 
niost productive fnimation with usually one or more workable 
seams; but its scams arc like those of the newer formations. They 
arc variable and uncertain in KeW' Mexico r in the Uinta Basin* ivest 
from Grand River^ portions of the section^ containing tvorkabk 
coals in one district, arc wholly barren in others; east from that 
river the coals arc local, im|K3rtant here, unimportant or absent else- 
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where; ih^ Mesaverde coals of Green River Basin attain commer¬ 
cial importance in only one county; in Montana the lenses are 
usually iniall and thin; in Alberta, the coals arc present in a great 
area, and often workable, but IjvaUable details merely suggest, they 
do not prove that the seams are lenses. 

Benton coals arc present in only a small part of the Cretaceous 
area, but:, wherever they have been studied, the lens form is charac¬ 
ter i Stic. In southwestern Utah, in Castle Valley of that state, in 
Gunnison Valley of Colorado and in Uinta County of Wyoming^ 
they are distinctly lenticular. The Dakota coab are merely insig- 
nificant lenses. The Kootenai is without coal south from northern 
Wyoming. There, within the Black Hills districts, coal lenses of 
typical fomi are present but they are all small, nowhere embracing 
more than a score of square miles. An occasional lens has been 
found in the Bighorn Basin. The lenses arc and unimportaTit 
in southwestern Montana; they become numerous and some attain 
workable thickness in Lewdstown and Great Falls fields; Imt in 
Teton County, on the northern border, there arc only insignificant 
nests. In Alberta, on the contrary, as well as la the adjacent part 
of British Columbia, ihe scams are numerous and the quantity of 
coal is cnonnous. Comparison of sections leaves no room for doubt 
respecting the lenticular form of the seams. 

The lenses ordinarily show increase of foreign matters toward 
the borders, the coal is broken by fine partings and very often it be¬ 
comes at last merely carbonaceous shale with lamina of coal. Some- 
times the lenses are connected by a stretch of black shale^ but com¬ 
monly no such bond exists and a barren space intervenes. These 
lenses, great and small, are similar to peat deposits On broad river 
plains and even more strikingly to those on coastal plains; at times, 
these are separated by broad spaces^ forested; at others they are 
united by carbonaceous muds, while at still others, the peat of sev¬ 
eral Icuscs has become continuous by transgression, 

4. Erosim .—Tiie effects of contemporaneous 

erosion are conspicuous. The curious intemiingling of coal and 
debris, observed at one locality in the Loevvetibcrg area of Silesia, 
seems to be explicable only by the supposition that it represents a 
washed out swamp. The presence of coal grains in sandstone may 
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signify that a coal seam in process of formation was exposed. Local 
conglomerates in many sandstones occupy the channchvays of rapid 
streams} local unconformities between sandstone and shale suggest 
changes in direction of drainage. The coal seams themsefvtB ap¬ 
pear to have been subjected to subaerial erosion and to have been 
traversed by streams as in modem swamps. “* Horsebacks or 
"rolls” of the roof have been found wherever extensive mining 
opemtions have been carrieil on. They mark channel ways of 
varying width and depth, now filled wdlh material like that of an 
overlying deposit; sometimes the material is the same with that 
forming the immediate roof, in which case the stream was probably 
contemporaneous with the bog; hut not infrequently the channel- 
way w'as excavated after the roof had been deposited. The condi¬ 
tions are commonplaces in modem deposits. 

5. Soils of Reports on areas of Cretaceous coal m 

Nortli America give few instances where soils of vegetation have 
been observed in the rocks between coal seams. One must not for¬ 
get. in this connection, that, generally speaking, observers have been 
compelled to depend on natural exposures, which arc imperfect, and 
that the work has been done at cost of much personal discomfort. 
But the few illustrations available show that the condition is less 
rare than the record shows. A dense growth of Sphotfopteris, in 
place, has been reported from the Wealden of England and a similar 
grovrth of Equisetum from that of Hannover. A grove of laige 
trees exists in the Upper Cretaceous of Queensland, clearly in place 
of growth, where they were buried by drifting sand; an ancient 
soil in New Zealand contains roots in place. The Upper Cretaceous 
of Greenland has hands with fems, conifers, dicotyledons, erect 
stumps and silieified wood. An old soil was seen on Pine Riser 
of .\lbcrta in the Lower Kootenai, which contains erect stems, evi¬ 
dently in the place of growth, 

6l The Roof of Coat Brdf.—Coal seams may have shale, clay, 
sandstone jor limestone as the roof. In parts of some mines one 
finds shale as roof in one part, but sandstone in others; the varia¬ 
tion being due, apparently, to local removal of the shale during or 
prior to deposition of the sandstone. Tt may be marine limestone or 
a detrital deposit containing marine fossils. Occasionally, a parting 
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of niarinc limestone serves as roof to one bench and as floor to the 
other. These limestones are thin but ihej- are proof of submerg¬ 
ence, due perhaps to change in course of drainage or to the breaking 
away of a barrier, which protected the swamp from sea-invasion, a 
by no means rare phenonienon on the New England coast. The 
roof is apt to be irregular. 

7. Tite Coal Sterns ,—Where succession is undisturbed and depo¬ 
sition apiwars to have been continuous, the roof material ordinarily 
becomes more.and more carljonaeeous at tin* base and passes gradu¬ 
ally into txjne or into impure coal, with normal structure, a famc- 
toit But tlie transition is abrupt in many cases where no evidence 
of disturbance by erosion is apparent; a condition which leads to 
the suggestion that a suddenly increased influx of mud or fine sand 
ended the bog’s existence. In such cases the contact between coal 
and roof, is irregular, defining the bog surface. 

Accumulation of vegetable material ivas rarely continuous during 
long periods, though there are scams several feet thick, which are 
aaid to be unbroken by partings of any sort. Commonly, howxver, 
coal seams are divided into benches by partings cf mineral charcoal, 
clay, sand or limestone, which indicate longer or shorter periods of 
interruption. In many cases, this interruption was not complete and 
the parting consists of bone or bony coal, at limes closely Tesembling 
cannel; hut when the parting consists of inorganic matter, it is 
proof of at least local cessation. The thickness of partings usually 
varies within narrow limits, but in some cases it is so great as to 
attract the attention of even a casual observer. Cajzek notes the 
thinning away of a considerable interval and the consequent union 
of two important scams, with increased thickness of coal. In the 
Denver Basin, one parting increases from a mere film to 25 feet 
within a few' miles I the partings in the Carhonero seam of the San 
Juan Basin thicken in one direction, so that the great bed, too feel 
thick, liccomes three, with thicknesses of 7, 30 and 15 feet resiiee- 
tively, in a vertical space of 200 feet. Taff describes a parting, which 
increases from rero to 16 feet within 3,000 feet, the exposures being 
complete in one mine. The Trinidad scam, ii feet thick near 
Trinidad, Colorado, hccnmcs 58 feet within 3 miles by thickening 
of the fiartings. Lee has given details making almost certain that 
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7 coal ^^iiiiSp wholly distinct and separated by thick intervals, unit^ 
within 4 miles into one* 42 feet ihkk. Partings contain fossils; 
in southwestern Utah^ Lee saw a limestone parting with brackish- 
water forms; at onolher locality a seam with marine hmestone as 
roof ami floor has a parting with f resh-water fossils. Clay partings 
frequently have remains of plants. 

Benches of coal beds seams often differ so much as to make cer¬ 
tain that conditions were not the same during the several periods 01 
accutnulation. One bench may yield caking, and another may con¬ 
sist of non-caking coal; m one* the ash may be imimponant while 
another may be so dirty' as lo be worthless; one iiiay thin away to 
disappearance while others overLip it. Details respecting the 
benches are given only for districts where mining operations arc 
on large scale, but enough is known to Justiry the old method of 
regarding benches as separate coal seams. 

In a general way^ Cretaceous co-als vary from massive to lami¬ 
nated, the latter ’ivith alternating bright and dull laminse—and these 
types arc found throughout the whole section. Ordinarily, woody 
structure is not apparent to the naked eye, but it is distinct in many 
places. Tlie Upper Cretaceous coal of Silesia is xyloid; a seam of 
Moorkohlc is near Mihrens-Tnibau; the coal of the Boulder District 
is almost as xyloid as the Eocene coals of the Dakotas; it contains 
logs, carbonized, jetified or sSlicihed. Most of the Wealden coal in 
Hannover is black and apparently without w'oody structure, but in 
the same section with the black coal one finds lignitic brown coal and 
even Blitterkohie, the latter being an accumiilation of leaves and not 
related lo the Blatterkohle of the lower Rhine region, 

Fevv notes are available respecting microscopic structure of Cre¬ 
taceous coals, V. Giimbel*^^ studied only jet from Raschwdtz in 
Silesia and coal from the Wealden of Hannover. Woody structure 
is well-preserved in the former; the latter contains numerous 
remains of leaves wnlh clumps of wood cells and bark parcnchynia, 
all easily recognized. ITitessen^" examined coal from the Denver 
Basin, probably Fox Hills. So close is the resemblance to that 

W. V. Guiubcl, 5*7rt, buy. Akad. IFiJj., i8Sl3p Malh.-Phys. Kl. L, 
pp. 157. lOo. 

Thles^en, " The Origin of Coal/^ pp. ^41-^45, 


14 e STEVENSON—INTERRELATIONS OF FOSSIL FUELS. 


from the Loceno of Montana and Dakota that he believes the general 
conditions duritig accumnlation were similar. Woody parts are 
more compressed in the older coal, btn the tanals of wood fibers are 
wdl shown and appear to be filled with resin. Resins form a large 
part of the mass, while spores and pollen exincs compose not more 
than 5 to lo per cent,; the "fundamental matrbe" or binding ma 
ttrlii is derived, as in lignite, from ceUdosic suhslances; aU grada¬ 
tions arc present from fibers to a homogeneous mass. The fibers 
are tm^tly xylum dements of plants, but whether of trees, shrubs or 
herbs is not always determinable. 

8 . The fioor of Coa/ Semts-Th^ floor may be day. sandy or 
clayey shale, sandstone or limestone. Oecasionallv the transition 
from coal to floor seems to be abrupt, but in most cases there is a 
faux-mur. Even where this seems to be wanting, the basal part of 
the coal is, m most cases, higher in ash than that above; frequently 
the faux-mur is bone and occasionally it resembles the "coarse coal ” 
of the Carboniferous, Lim^ione floors have been reported only 
rom southwestern Utah, where they contain marine fossils. Bulg¬ 
ing floors Iiave been reported from many localities. They are due 
m some instances to irregularity of the surface on which the coal 
accumulated; in the Boulder District, petty swales ;vere numerous, 
m w hich accumulation began and afterward crossed the low divides— 
after the manner so familiar in recent peat deposits. But " rolls " 
in the floor often mark the courses of streams crossing the swamp 
in its earlier stages. 

American reports contain few references to the presence of roots 
m the floor - two notes have been given for the Trinidad-Raton area 
and D. White recognized characteristic underclays with roots in the 
Boulder Distnet. But the scantiness of references in detailed 
r^rts indicates merely that the reporter did not look for the roots* 
I^sqijcreu*,“^ long ago. asserted that most of the underdays an! 
full of roots or rootlets. He visited exposures in the Raton Moun¬ 
tains, Canyon City. Golden, Marshall in Colorado and Black Butits 
m Wyoming; at mo.it localities, he found the shale containing such 
abundance of roots that these seemed to be a compact mass 


*"L Leiquercux, "On Formation of the .1. t, . 

Monntains," Uum. S.i., V0I. VII. iCp jST 
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The presence of roots id ihe floor ts apparcnily the ordinary 
coddilion id much oi Europe. Rzehak^^* says that the Wealden 
coals of Hannover are disLinctly autochthonous, there being root¬ 
stocks in most of the miderclays. Grand' states that he 

had found roots in the floor of Cretaceous coal at many places. At 
la Liguisse and Ses Gardks in the Causses there arc many roots m 
place under the seam mined there. The Middle Cretaceous at St. 
Pautet shows roots in the marly niur of some coal seams; these he 
says arc in place for some of them cross leaves of dieotylodoiis lying 
flat in the rock. In his later paper, he reports that, at Sarladais, 
roots in the mur gi%^c rise to stems. Similar conditions were seen 
in the Upper Cretaceous at Valdonne. 

p. r;ic Faima.—Fresh-water forms predominate in the Laramie, 
the Judith River^ the Bear River and occur occasionally in oihcr 
formations; but for the most part the Cretaceous fauna is marine. 
Discussion of the faunas as such has no place here, but reference 
to some features is necessary. 

The Low^er Colorado fauna is characteristic throughout the whole 
region from western Utah to the eastern border; it is present in the 
limestone roof and floor of coal seams as well as in the occompany- 
ing shales and m the coabbearing sandstones of Utah. The Pierre 
fauna abounds in the fine shales and occasiouaJ limestones, hut it 
abounds equally in the Middle Pierre (Mesaverde) sandstones of 
New Mexico, where it is found in profusion at several horizons. 
The fauna is practically the same, he the rock sandstone or shale. 
The depth of water in w'estem Utah was not great, for coal bods are 
numerous, one of them having a parting wuth fresh-water mollu^ks, 
ihouRh the roof and floor are marine limestone. The character of 
the rock and the numerous coal seams make the condition equally 
clear for the Mesaverde of New Mexico. The marine faunas give 
no support to the opinion that deep-sea conditions existed anywhere, 
but they make probable that the body of water, covering at times 
the greatest part of the Cretaceous area, wr$ a very shallow sea. 
Finejiess of setliments, in general, may be taken as indicating dis¬ 
tance from the source of supply. 

1*^ A. Rjthak. Ztifjeh. ft, Gtchffk, Vs>l. XXI 1 ., 1^14, p. B. 

Grand' Eury. AutiiHi, p. iz7r C- R-, L CXXXVTU.. igo 4 , 

669. 741- 

PPOCp AMKIL FSIL. SOC., VOL. LVI, K. MAT 29. TQir. 
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10, r/fi* ftara, —The Cretaceous coals are usually so far ad- 
vanced in conversion as to give litUe information respecting the 
plants by which they were formed. Knowledge nf the flora of the 
period is derived from fragnientarjr material found in the rocks; 
that has been transported, it represents mostly the upland vegeta¬ 
tion and tells nothing about the swamp plants. In the United States 
and Canada, the coals are often rich in resins, indicating that coni¬ 
fers entered largely into their composition; such wood as has been 
recognized seems to confirm this conclusion, Cycads were abundant 
locally during the Kootenai but conifers and dicotyledons were pre¬ 
dominant during the iJp]jcr Cretaceous, when ferns and lycojiods 
appear to have been subordifuite. Memoirs on European coals, 
consulted by the writer, usually contain little information upon the 
subject. W^ood, fully recognizable, is present in the Upper Cre¬ 
taceous coal of the Loewenberg region, but in the Grunbaeh coal, no 
structure is shown, though the stems and branches retain their form. 
The Wealden of Hannover contains abundance of conirers, cycads, 
lycopods and ferns i the plant remains in coal must be distinct there. 
Dunker thinks that the '* black coal" of that region was derived from 
lycopods and ferns. Ivecausc they are the only forms foimd in it; the 
lignitic brown coal is largely nf conifer origin, as the stems occtir- 
rirg in it resemble Pitt us. 

11. Ckcmifal JJe/offoitj.—Discussion of the chemical relations 
of Cretaceous coals must lie deferred until the older coals have been 
studied; but it may be well to call attention to some matters. 

Like the Tertiary coals and some peats, these coals are resinous 
in many districts, Cannel is present at several horizons, with all 
features w'hich mark the sapropels or Lehertorfs of later times. The 
carbon content is higher than tliat of Tertiarv coals, but progressive 
enrichment with increasing age is less marked. In the Fox Hills 
the extremes of carbon are 73 and 84; in the Pierre, 71 and 84; in 
the Benton, 77 and 83, and in the Kootenai, 75 and 85, No note 
has been taken here of metamorphosed coals; anthracite is present 
at several horizons. No ultimate analyses of the Ijiramie coal are 
available and there arc very few of the Kootenai. The variations 
are small compared with those in the Tertiary, In the Cretaceous 
as in the Tertiary, not all accumulations of vegetable materials had 
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attained the same degree of enrichment before burial; the mtnimum 
of the Pierre rarely falls below but there are seams with only 
71 or ya. The condition is weU marked in Hannover, where the 
" black coal" has 89 per cent, of carbon, the brown coal, yj, while the 
Blatterkohle IS alitiost unchanged—the several types occurring in 
the same vertical section* 


THE N.-UIES TROYAN AND BOYAN IN OLD RUSSIAN. 
* By J, DYNELEY PRTXCE, 

(R^ad Afrril 14, 


The fanioii.s old RmsLm epic ** The Tale of the Armament of Igor ** 
(1185 A- D.), relating in striking form the exploits of the hosts of the 
ancient Russian Prince Igor Sy)atosla\'ic, has been ably edited and 
translated by Leonard A. Magnus, LLB. {Oxford Universi^’- Pressj 
1915). The majority of the allusions in this poem are more or less 
clear historically, hut the obscure references to Troyan and Boyan 
have been a matter of sdetitifii; discussion for over a century. The 
following brief exposition of this question may perhaps throw 
some additional light on the problem. 

There are four references in the Igor-text to Troyan (dted by 
Magnus, p. xlix) i 

1. In the invocation to Boyan (lines 59 stating how Boyan 
might have sung on the subject treated hy the author of the 
Igor epic: 


0 s^^!^nriju ifaro^o 

afrj' iy ^ potki werketai 

jhviyu po myilcnn dr mi 
ictaya umom pad abhki 
jfRniya oba 

ptfiy 

tisia tf irapn Trayanyu 
frrr nd ^ory 


D Eoyan, ni$Ehtingik of ancient tinie$, 
had’st thou but wirbled these 
leaning* O iiightlugale, through the 
tree of Lhoughtp 

firing in mind beneath the duudsp 
interweaving the gloriei of both 
hilves af this ttme* 
rushing on the ^th of Troyan 
through the pliiai in the bills 3 


T, A reference to past events in connection with Troyan, lines 
209 fF. ^ 

£yfi vfn for TrSyani There have been the agea <ur h^i- 

niititila Jetd YGr&Aavlya ties) uf Troyan^ 

byli paid O!" paj-t are the years of Yarosbv; 

there have bwn the antites of Ole^. 

system at transliteration herein adopted is based on the Croatian 
method, sasT that the Old Kussian liard sign b indicated hy •. and the soft 

Sign ty . 


16 £ 


PRINCE^TROYAN AND 130VAN IN OLD RUSSIAN. 153 


3, Reference to the land of Troyan, lines aSS IT.: 


0 kitia 

wsivpih dhfifyu 
Hfl ^tmlyu Tr^yanyu 


Arose scandal 

in the foixea of Dazboj^'s off^prinR; 
stepped like a tnaiden 
on the land of Troyan, 


4. ALLusion to the period of Troyanj, lines 569 ff.: 


Na veci Tr^yffui 

F'jffjJdo 

o divkyt* iyubif 


In the seA'cnt]! age of Tros'^an^ 

Vse^lav cajt lot 

for a maiden dear to him. 


It seems dear from the above four allusions that Troyan 
“was used as the name of a country^ thus: {i) the path of T. = the 
historical course of T+: (2^—4) the **ages/' probably not "battles*' 
of T.: (3) land of T.: which settles the geographical sense. It is 
impossible to imagine that Troyaii was a person from the above 
aUusions/ 

That the author of the Igor-Slovo* meant his otvn country 
“Russia" by "Troyan” seems quite cvitlent, and this view has 
been advanced by many aulboiitiesi among them Magnus himself 
(op. cit.i, p. xlix), who notes, in connection ^vith allusion No, 4 (see 
above), that there were just seven generations between the Scan^ 
dlnaviau Rurik {Hrorekr)^ the founder of the first Russian dy- 
nasty^ and the prince Vseslav herein mentioined. Such a deduc* 
tion IB comparatively easy^ so far as the historical application of 
the term " Troyan ” h concerricd+ but the problem as to the actual 
rneaning of the term^ apart from its application in the Slovo, is much 
more involved. Magnus (op. dt., pp. Wiii) cites five of the most 
generally held views, viz., (1) Troyan indicates some district out¬ 
side of Russia; a view held only by few scholars; (2) Weltmanii*s 
opmiDn that ^'Troyan” should be read Krayan "borderland;'* 
(3) ** Troyan " is derived from the Roman emperor's name Trajan; 

Idea that Tro>'an was a divine person seems to have prevailed only 
m sotne of the later Slavoaic myths (Louts Leger, ^ Mytboli^e Slave/* p. 
J 25 >, hut this is probably an asaodatiqn with the Emperor Tr^jau, and not 
with die evidently geographical Troyan of the Slm^o. 

* The full tide is; Stova c p'lta Igorya SvyanlarUca 

“ Narrative of the Estptdition of Igot, of Igor son of Sviatoslav,** grandson 
of Oleg. 
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(4) Troyan = Trojan, cmbodjiTi^ the Russian tradition of Homer ^ 
and (5) Troyan was the transferred name of an ancient Slavonic 
pagan deity,^ 

Discussing these theories briefly, it should be noted that there is 
no evidence that the Troyan 0! our Slovo was other than a poetical 
name for Russia in its application by the poet. The fact that there 
is to-day a place called Troyan in Bulgaria and a Troyan near 
Smolensk, etc., is no proof that these localities are named from the 
same stem as the Troyan of the Slovo, which distinctly includes all 
the Russia of that day. Furthermore^ the change of te:st, sug¬ 
gested by Weltmann, may be summarily dismissed as being loo arbi¬ 
trary (thus, also MagnuSp p-1). 

It is highly likely that wc have in the name Troyan** a mix¬ 
ture of philological traditions, i. e., that tt is a combination-reproduc¬ 
tion of the Roman Trajan" and the Greek **Trojan/^ both which 
opinions are indicated above. In this supposed compound tradi¬ 
tion, the Greek element must be regarded a^ predominating. Mag- 
nus cites (p. U from Sedcrholm) a byiina* of the reign of Cath- 
erine 11., in which there is a direct allusion to the road of the em¬ 
peror Trajan (tta doroge 110 T^aJdn^J^?£^!),^ containing ihe a vowel 
(cf. also Magnus, loc- cit. on the miracle of Pope Qetnent), but the 
forms rreyau isor* Vermatanskn (= “ Roman ") occur 

iu south Russian documents, and, moreover, there are other evi¬ 
dences of the Trajan tradition in northern and eastern Slavonic 
lore. This fact, in itself, is not sufficient, however, to account for 
the evident use of Troyan,** to indicate ancient Russia. Magnus 
holds {p* 1 ) that "Troyan** is derived from the numeral three 
(trdyc)p referring to the three Scandinavian brothers Rurik, Sineus 
and Truvorp® who founded Russia (Nestor 6370), Such an idea 
seems rather far-fetched, as Troyan is often used as a nickname for 
the third son, similarly to Latin Tertius, D^^cimuSj etc, Bui there is 

^ Th-c Unn indicates the Russian folk-tale, of whleli thousands arc 

still in (acfcSttrtce, ii^imlly iu rude meter. These productionE are nearly always 
iutoticd in chant-form { Rinislcy-KdrsakoT, “ Chants Nationaux Russes/*' Part 
i, 1876). 

»The names Rursk and Truvor arc SlaypnianLsins, rssjKctively, from Old 
Nor&c Hrorekr and Thorvardr (guardian of the gate). Many Old RtiEskn 
namef arc pure Scandinavian (cf. Maguui^ p. viii). 
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no historical evidenec that Rurik tt-as the third brother of the triad. 
In fact, in the legend, he always occupies the first place*'^ 

It is much more probable that we have iti the "* Troyan of the 
Slovo no distinctive Slavonic legend at all, but rather, ag already in¬ 
dicated, the mixed tradition of the Roman Trajan*' and the Hel¬ 
lenic Homer, To this Magnus objects that the/"* landlocked state 
of mediaeval Russia" could hardly have imported very much of this 
(Greek) tradition, as the road to Constantinople was blocked by 
P6lovtsi and Bulgars, and the Catholic powers of the northwest 
were all hostile. Magnus forgets, however^ that the inherent tradi¬ 
tion of the early Russian church was essentially Greek, Early 
metropolitads of Kiev, down to the period of the Mongol invasionp 
were usually Greeks who had been consecrated at Constantinople. 
The first important Rnssian metropolitanp who established the es- 
scuLialiy Russian cliaracter of the church and nations, was St, Peter 
(1309^1326) of Vladimir, It is highly interesting in this connK- 
tion to note that, in the first half of the twelfth century^ a Russian 
writer excused hLmself before his sovereign for n&l having studied 
Homer, when he was young 1 The Chronicler of Volhjnia (1232) 
cites a verse attributed to Homer, which has not been retained in 
our current version. Literate Russians of this period were evi¬ 
dently familiar wuth the tale of the Trojan war through the works of 
Tryphiodore, Kolouthos, etc* (Ramtjaud, "La Russie lipique," p. 
40S), 

It is well known from Russian records that the father of Mono- 
makh, Vsevolod, who had never been in foreign lands, knew no less 
than five langoagcs. In the Slovo itself (lines 353-4) we read: hi 
greet i mordva p&yuf slaz-u Szy^itoslawhu "here the Greeks and 
Moravians sing the glory of Svyatoslav," showing that the author 
knew' something about the Greeks, 

In connection with the work of the Columbia University Slavonic 
Department, Dr, Clarence A. Manning has collected a number of 
possible Homeric and nther Greek parallels with the Slovo, which 
sho>v a very decided Hellenic influence on the formation of this poem; 

*Nete lliat in the year 862, Rurik as leader of Hit \~aria£s (Vaiangiani) 
was invited la dc^cf^d the northern Russian princes. 
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they are incorporated hercmth together with Dr* Mandi rig's com¬ 
ments* as throwing an interesting light on the problem. 

Slovo^ lit “as a gray wolfx, 334: toXej^ Mkch- Slovo 
12: *'as a dusky eagIe^ = lL, xxi, 252: 

Manning compares also the passage already dtcd above of the 
invocation of the poet Boy an, with Euripides^ Hckna* 1107 fF.: 
■* thee w^ho hast a tuneful seat in the leafy halls, thee I invoke, thee, 
most musical bird, mournful nightingale, come, O associate of my 
lamcnrs, trilling tlirough thy tawny throat/" etc. The resemblance 
between this passage and the Igor-lines is very stoking* although* 
as Manning points out, it is doubtful whether Euriirides w*as actually 
invoking Homer* 

Slovo* 741 “offspring of Veles“ (the ancient Slavonic cattle 
god) ; Theocritus, xxiv, 105, states that Linus* a mythical poet, was 
the sou of Apollo. Slovo^ S4: swift horses “ — IL* viiii S 3 ; focii 
Intru 

Slovo* 175: “the wands^ scious of Stribog ”=Odyss.j x, J ff.: 
" the winds, the sons of iEolus/^ 

Stovo, 186-1S9: “the mad children blocked the fields with their 
shoutingH hut the brave Russians barred them with their crimsoned 
shields,” With this^ cf. Slovo* 435: “for these without shields 
with hunting-knives conquer the hosts by their shouting/’ and con¬ 
trast Il.p ill, "The Trojans went with a shout and cry like 
birds, like the cry of cranes against the sky/* 

SlovOp 224; “To the Judgment Scat” (wu r^d) ; ptabablj of 
Christian origin. 

Slovo, 23S: “ (Russia) the scion of Dazbog"^ seems to point to 
the Russians being a chosen people; an idea probably of Biblical 
origin, ihrough the Biblical Greek. 

Slovo, 374: "in my golden-roofed hall;” clearly a translation 
of the Byzantine 

Slovo, 47g: ’"On thy gold forged throne;" cL Euripides, Phoen., 
220 : 

f Dai^g, tbe rain or storm god, was probably the Rttssian ecmlvalent of 
the SconJitiavian Thor, who was the patron of the warlike Seandmavian 
founders of Russia (see abo^e, note s)* 

*Tjie meaning of Ujcsc Imes is very obscure. 
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Slovo, 54 ^ 54 ^= "the birds, O Prince, have been covering thy 
host with their wings and the wild beasts have been licking at their 
blood CL Il-i Lp 4-5: ‘"they made them a spoil for the dogs, a 
feast for the birds of prey.*‘ 

In the Creek legend, Achilles was early associated with the 
Eu:>cane and especially with the inland of Leuke at the mouth of the 
DanubCn Here he lived after death with Helen as his consort, 
along with other heroes. Leonymos of Croton wr$ the first to sail 
thither to be cured of his wound by Aja3Cp and Helen told him to 
go to Steskhoros and say that she was angry at him for making 
her, in his poetry, elope with Paris (PaiKanias, III., 19, 11-13) I 
EurSp. An dr.. 1260 IT. Further east at the mouth of the Borysthenes 
(Dniepr), there was another island sacred to Achilles (AxtXX^ios 
mentioned by Herod, iv, 53; Strabo^ vii, 307. Achilles 
also had a temple at Olbia (Dio. Chrys,* xxxvd, 439 ff^), Furtber- 
more, in the Crimea, there was a temple in which Ipbigenia, daugh-^ 
ter of Agamemnon, was placed by Artemis as pric$tcss with the 
duty of sacrificing strangers (Her., iv, 103; Pausanias, I,. 43, l). 
This may have been connected wdth the account of the Scythian 
snake goddess (Her., iv, 9). We should note also that the maiden 
w^as one of the most Important deities in the Chersonese (Minus, 
Greeks and Scythians^ p. 543)* She is probably i dent teal ivkh the 
Devica, Slovo, 571. Helen is the symbol of tiiscord also in the 
systems of St. Irenscus and the Gnostics (Rambaud, op, ckt P- 413)^ 

There is every probability that Obida discord'' and DcvLca 
'"the maiden '" ol the Slovo represent the legend of Helen, child 
of the swan. Such legends could easily have been carried m a 
Byzantine form to the Russiiins by the ecclesiastics, in spite of their 
landlocked'' state in this early period, for the church was already 
there, as amply demonstrated in the Slovo. Tlie objection that 
some aspects of this legend may have been inherent among the 
Slavonic tribes on the north shore of the Black Sea, and that the 
Greeks themselves may have borrowed some of their material, does 
not carry much ivcight, as the Slovo indications are too markedly 
Hellenic to admit of such a view*. 

The question remains to be solved^ as to why the early Russians 
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appUqd the term *■ Trojan Troyan ” to their own country and 
people. This use must have been suggested by the similarly sound¬ 
ing name Boy an. the legendary Slavonic poet, whose name appears 
only in the Igor-Sbvo and there only six times (cf. Magnus, op. at., 
xlvi). The allu$ion& are as tollows; 


(i) Lint &: 
p& zamyilcmyu 


“ according to tht InVHiition of 
Boyaji." 


(i) Linei G : 
Boyan fro 


^^hetyaif filin' tvofiii, etc, 

Boytm, the seer, when for anyone 
he wished to make a sotig^ ett 


( 3 ) Unes SP-i6: Srt above under the altusions m Troyan where 
Boyan i* descritied as “ niihing on ihe path of Troyan." 

(4) Une O ''*‘**' 

Veteinv vnve^ 


(3) Lines (ioS-6lt: 

I pcrvQC fnipivkti 
sffiyiJcny 
ni ptky u ni 
ni ptkyu »*' 

jifdd BoMya ttf t?l^rl■s^^^ 

(6) Lines 745 - 747 - 
Reh Bey^n i chody 
SvyQt^sl€n^y na Jffljjdno: 
pfstwitfor^c dr 


Tq littn. O SMt Boyan, 
the first refrain 
with thought thon didst speak! 
tLcither the craC^ one, nor the ex- 
pcri'&nced^ 

nor a bird, nor a minstrdt?) 
can. escape God*a judgTncnt 

Bdittn has n>td of the rwda^ 

of Svyatoslav against the 

the sorntmakcr am 1 ot olden time. 


Magnus <pp. xlvi fi.) gives the chief opinions rc^rding Eoyani 
via** (i) that Boyan is a common Bulgarian name, citing the quota- 
lion by Paucker of taka of a Tsaresdeh Boyan Simcnovich. That 
our Boyan is connected with this legendary being is extremely un¬ 
likely as there is no evidence that this Bulgarian Boyan was a 
noted poet- In Bulgarian name is probably an echo of our 

' Boyan (2) Boyan bas been found in some of the later lists of 
pagan Slavonic deities. This use of Boyau is probably a mere 
deification of the poet mentioned in the Slovo. (3) Dubenshi 
mentions a hymn of Boyan of Bus. in which the instructor of Boyan 
gives his name as a descendant of the Slovenes, the son of Ziogor, 
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the long-lived minstrel of ancient tales. This hymn, as Dubcnski 
points out, is of untrustworthy character, but in my opinion it em¬ 
bodies the tradition of the poet Boy an of the Siovo. (4^ Magnus 
follows Wcltmann^s view, that Boyan is a contraction of some such 
phrase as rcce bi> Van *' then Yan spake," referring to the Y'an men¬ 
tioned by Nestor, as an aged man of ninety years, from whom the 
chronicler learned many legends. It is highly unlikely that so per¬ 
sistent a name as Boyan could be the result of such a contraction, 
as the nature of the particle bo was perfectly well known to chron¬ 
iclers and copyists and it is improbable that it could have appeared in 
3 fortuitous contraction without the knowledge even of an an intelli¬ 
gent copyist Of recorder, Magnus seeks to show that the \aii al¬ 
luded to by Nestor was born in the reign of Vladimir L (1015 A. D,) 
and that he was a writer and took an active part in all the events of 
his day. In this way, he thinks, this Yan might well be described 
as •‘rushing on the path of Troyan" = "Russia," But surely no 
person, even in a ILIe-tinie, no matter how long, could cam the 
right to be mentioned as covering the entire history of a nation. 
,And yet this is how our Boyan of the Slovo is treated. Further¬ 
more, there is no evidence that this Yan. although he was a writer, 
was a bard of such distinction as our Boyan is claimed to be in the 
above allusions to him in the Slovo, whose writer evidently regards 
Boyan as the one great poet of the world. 

The most characteristic point about Boyan is the statement that 
he was a seer and, above all, a poet-singer, which naturally suggests 
the derivation of the name from bovtit’ '* speak, relate " (from which 
we also have baM’ fable), This is the opinion of Vyazemski and, 
1 believe, the most reasonable tlieory in view of the apparent im¬ 
possibility of other derivations of the name. Boyan has been vari¬ 
ously derived from bol ‘‘fight; carry on a fight"; and 

boyal'syo " to fear,” neither of which roots seem to agree with the 
character of Boyan. It is highly probable that the name Boyan 
was a term deliberateiy applied to the function of this l^endary 
person rather than 3 proper name of arbitrary meaning which hap¬ 
pened to be the name of a poet. We may assume this to be the case, 
owing to the undoubted Hellenic influence seen in the Slovo and 
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discussed s^bove under Troyan* The ancienl Sl^^odic world 
abounded in singers similar to tbe Celtic bards and the Scandina^an 
skalds^ and* granted a word Boyan-Bayan =r ** singer, poet> saycr, 
already existing in the popular language^ the author of the Slovo 
probably Introduced the Troyan-epithet, to indicate Russia by as¬ 
sonance with Boy an. Boy an was for the author of die Slovo the 
poet par excclhn€4^^ who had given the ancient norm of Russian 
song, the traditions regarding whom ate unknown to the modem 
world. It is highly likely, there [ore, that Troyan—having in itsdf 
a basis of "Trojan” with a possible superimposUion of the later 
"Trajan'^ iniluence—was used for the country, of which the then 
know'n Boy an sang^ i, e.^ of Russia* Even if it be supposed that 
Boy an w^as Magnuses somewhat dubious Yan, the principle of asso¬ 
ciation remains the same; yiz*, it was necessary to have behind the 
Slavonianiaed Hellenic influence of the Slovo poem some poet- 
name^^aud a name in assonance with Trciyan would natumUy 
suggest itself—-so that, in. a sense, our Boyan is really an echo of 
Homer himself, although perhaps not consciously Homer in the 
mind of the author of the Slovo. Vyazemski held tliat Boyan w^as 
unetjuivocally Homer, but it is not necessary to iiuagine that the 
ancient author of the Slovo had so direct a traditioti» in order to 
account for the divine Boyan, who is especially made the descendant 
of the essentially Slavonic Veles^ the god of cattle. 


SYMPOSi™ ON AERONAUTICS. 

{Hrad Aprii 14 , ifnp.) 

1 

DYNAMICAL ASPECTS 
Bv ARTKUK GORDON WEBSTER. 

In opening this symposium I can undertake to do no more 
than explain, in a most elementary way, the dynamical prindples 
upon which artificial Bight depends. It ia dlBicuIt to do this with¬ 
out the use of diflerentiaL equations, which would he out of place 
in a potfular discussion, so that my treatment must confine itself 
to the met^st outline. We must distinguish at the outset between 
aeronautics properly so-called, in which we have to do with airships, 
that IS apparatus possessing natural sustentation through the buoy¬ 
ancy of the air displaced, which is at least as heavy as the airship, 
and fft-ufioH, which is the operation of apparatus that has no nat¬ 
ural sustentation or buoyancy, being heavier than the displaced air, 
and. like a bird, possessing sustentation only when in motion. Un¬ 
fortunately w'C have no generic term for the latter apparatus, cor¬ 
responding to the recently coined French word “avion" and we are 
obliged to make use of the word aeroplane, although the term plane 
is not always accurate. ^\^liIe the principle of Archimedes, namely 
that a hod3' ts buo^'cd up with a force equal to the iveight of the 
displaced fluid, this fotec acting at a point coincident with the center 
of mass of the fluid displaced, is sufficient for the study of the equi¬ 
librium of the airship, totally different principles ate iqvolved in 
connection with the aeroplane. 

ITie first principle that we shall use is that of relative motion 
of the aeroplane and the air. It will be admitted that the forces 
involved are the same whether, as in the case of the kite, the ob¬ 
ject is at rest and the air in motion, or as in the case of the aero- 
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plane the air ai rest aiid thy object in motion in the direction 
opposite tD that of the preceding case, W'e aho notice that in both 
cases three forces arc involved* first, the weight of the objcclT 5^JCO<vd> 
the action of the wind on the plane, and third* the pull of the kite- 
string or the thrust of the propeller. 1 may also say that it makes 
no difference whether the propeller pushes from behindiT as in the 
first aCToplanos* or pulls from in front, as is now" n,<iialiy the case. 

Since the lime of Newton it has been known that the force of 
the wind on the plane is proportional to the square of the relative 
velocity^ sTnee it is proportional to the ni omentum dcstroveil in a 
given time, and this U proportional, for a given mass^ to its velocity, 
while the mass aniving is again proportional to the velocity* so 
that the square is aecoimted for. Finally the infiuence of the angle 
made by the wind with the surface of the [Jane* the so-called angle 
of attack, must be known. We may assume that wdnd blowing 
tangent to a surface wnlJ slide along without exerting any force on 
it, although the action of the wind in supporting a flag show’s that 
this is not so. But the wnng of ad aeroplane ii made so smooth that 
for practical purposes we may neglect the tangential drag^ and as¬ 
sume that the force is at right angles or normal to the plane. Ac¬ 
cording to Newton, w'ho treated the air like a stream of partides 
impinging on the plane, the force would have been proportional to 



the square of the sine of the angle of attnek, but we now knowr 
through the many series of experiments that have been made by 
Langley and others^ tliat thU law* is not correct^ and that it is much 
more nearly proportional to the first power of the sine. The dif¬ 
ference is made apparent in Fig. i, in W'hich the vertical height of 
a point denotes the force^ the horizontal distance the angle of at¬ 
tack of the plane^ for both laws. We &ee that for small angles the 
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sine law gives a mucb more rapid increase of force than the sine- 
S4[mre, which is a ven' important point in practice. 

Beside the force at right angles to the plane the current tends 
to tuni the plane about a certain asis^ as we see if we drop a card 
iWth its long dimension horizontal. In falling h turns over and 
over even if started with its surface hoHzonral. This turning 
effect may be explained if we draw the stream-lines, which show 
at each point the directicin of flow of the air. It is a proposition 
due to Bemoulll, that w^herc the flow is fast the pressure is smalh 
and where it is slow the pressure is great. In Fig, 2 where the 



stream lines are far apart the flow is slo^ver than where they are 
near together, just as a river Sows most slowly wdicre it is widest* 
so that the pressure is large in such points as and small at 

Bj where the flow is rapid* Thus there !s a tendency to turn the 
body in the direction of the arrow. We may express this turning 
property by saying llmt the effect of the air current on the plane is 
represented by a single force J? applied at a point P called the center 
of pressure, not at the center of the plane, the position of P vary¬ 
ing according to the angle of attack. 

Much mathematical skill hx^s been expended to determine the 
law of variation of the force with the angle* and the position of 
the center of pressure. Curiously enough if the air acts hke a per¬ 
fect ffuidj and docs not form vordees, it can be shown that there 
vTOuld be no force an an obstacle, hut merely a turning moment. 
Bnt if there arc surfaces where the motion is discontinuous* on 
crossing ’ivhfch wc pass fronj fluid that is moving to fluid that is at 
rest or moving less rapidly* the forces can be accounted for, Kirch- 
hoff many years ago treated such nations* and Sir George Green- 
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hill followed him in working out a great number of cases ivith 
great skill. In Fig. j we see the flow |>ast a cambered wiRg, w'!th 
stream-lines continuous in Fag. n, causing no pressure, and in Fig^ b 
with the stream splitting along the dotted line* part going up and 



part down, with discontinui^ along the lines AB, CD^ between 
which the fluid is comparatively at rest. From this assumption of 
the flow it is possible to calculate the thrust and the tunung. But 
even this assumption about the floiv i$ not true in practice, but 
the air forms ™rticcs* which cause a calculation to be Ftill more 



difficult. Accordingly it becomes necessary to determine ihc bws 
of pressure by actual experiments on small scale models in wind 
tunnels* such as those o£ M. Eifl^el in Paris* Professor Prandtl in 
Gottingen, Professor Joukowsky in MoscoWp or that at the Massa¬ 
chusetts Institute of Technology used by Mr. Hunsaker in his ex¬ 
periments. In all thtse cases a steady stream of air is caused to 
flow through the tunnel by means of a blow'er^ and the model is 
hung in the wind uppn balances which enable the forces* thdr 
points of application and direction to be carefully measured for all 
angles of attack. We may exixict in the next few years lo see many 
such wdnd-tunnels constructed in this countr>^^ and large increases 
made in our experimental knowledge. 
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Suppose we now know the hw of the force cscerted hy the air 
current on the planCp and the position of the center of pressure. 
We have now to apply an elenierttaiy" principle of equilihriutu of 
rigid bodies. If a body is submitted to the action of three forces 
the lines of action of these forces must pass through a common 
point. Thus if wt consider a single piano supporting a machine, 
with the resultant pressure R, F^. 4, with weight IV concentrated 
at the center of gravity of the whole machine the thrust of the 
propeller D, which is nearly horizontal must pass through the in¬ 
tersection of R and fF. The second principle is that if we draw 
lines representing by their length and direction the three forces in 



Fig. 4. 



Fin 5- 


qucstion, these lines must form a closed triangle, Fig. S- Thus 
knowing the weight fF, we may find A the thrust required from 
the motor, as w'ell as llie force required, and a tlie angle of 
attack. 

1 shall illustrate the preceding principles by a ver>' simple eit- 
periment, which I think well shows alt the leading ideas involved 
in the dynamics of the aeroplane. 1 have here a heavy card fastened 
by a hook ai the middle of one side to this rubber cord. 1 now need 
a very brave assistant, whom I request to hold the end of the rub¬ 
ber cord at the height of his shoulder* I strongly stretch the 
cord, holding the card in my himd^ both card and string being hori¬ 
zontal. We are thus in a position to perform the Wilhelm TdJ 
experiment, with the apparent probability that, since there are ah- 
sohitely no upward forces present^ the card will cut Wallher's head 
off. On releasing the card you see that no such thing happens, 
hut the card soars several feet above my assistant's headi although 
the cord is actually pulling down all the time. The reason is that 
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on release the card iintncdiatety tips downward behind, and as it 
goes ahead with great velocity receives more than enotigh upthrust 
for its own sustentation, and is actually able to rise, althongh pulled 
down by the string. 

I come notv to perhaps the most Important dynamical aspect of 
aviation, that is the question of stability of flight- Stability of equi* 
tibriiini is a familiar notion, and exists when a system, if displaced, 
lends to return to its former position, generally performing small 
oscillations about it which die away, leaving it in its equiUbrinm 
position. Thus a pea at the bottom of a bowl is in staHe equi¬ 
librium, but on top of a sphere, though in eqnilihriuni. is unstable. 



Fig. 6. F'cl fa. 

because if slightly displaced it will not return, but will roll off. 
Stability of motion may he similarly defined. If an aeropfane is in 
flight, and is slightly displaced in position or direction, will it tend 
to resume its position or will it tend to leave it more and more? 
Consider what happens when it tips forward and downward. If 
the center nf pressure moves forward when the angle of attack is 
less it will tend to turn the plane backward, so as to resume its 
former position. So far then the motion is stable. As it tips 
forward the angle of attack becomes smaller, the sustaining force 
becomes less, and the aeroplane sinks, but when tipped back again 
it rises once more. Thus the path oscillates about a horizontal line. 
But a rigid body has six ways of moving: forw-ard and back, side* 
wise right and left, and vertically up and down, making three, to¬ 
gether with three ways of turning, rolling about an axis, fore and 
aft, pitching about a trahsverse axis, and yawing, or turning about 
the vertical. If any of these six motions are disturbed, bow wdll 
the motion be affected? It is easily shown that a change in any of 
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these SIX motions affects ail tlie others, as already shown for pitch¬ 
ing and rising. In treating this problem we use differential equa¬ 
tions invented by Euler for pnffilems in which we have to do wstb 
rotating axes of coordinates, and we are thus able to find the mutual 
connection of the different sorts of motion. Now if the disturb¬ 
ances are small, we are able to use the method introduced by La¬ 
grange in his famous “ Mecanique AnaJytique '* for the treatment of 
small oscillations, which leads to the introduction of an algebraic 
equation of degree twice as great as the number of degrees of free¬ 
dom of the system, in our case six, so that the equation would be 
of the trvelfth degree. On account of syrumetry. Iwwevcr, our 
equation reduces to degree eight, and falls apart into two equations 
of degree four. It is useless to undertake the general solution of 
these, but when we have the constants of a given apparatus, as 
determined by experiment, it is possible to solve the equations arith¬ 
metically %vith any desired degree of approximation. This is what 
has been done by various investigators, like Bryan and Bairstow 
in England, and Professor E. B. Wilson here. In fact when this 
work has proceeded to a certain extent, it is no longer necesBary to 
have recourse to learned mathematicians, hut it may he farmed out 
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to computers, so as to be greatly expedited, and thus the design of 
machines may he greatly improved. I may say that machines gen¬ 
erally gain more stability with greater speed, and that too great 
stability is not desirable, as it would lead to difficulty in steering or 
rising. At any rate the theory has now arrived at such a stage that 
we may hope to avoid such accidents as formerly occurred in great 
numbers owing to improper design. 

I will conclude with a simple experiment showing the intrinsic 
stability possessed by a very simple aeroplane such as I learned to 
make when a schoolboy, which I am able to fold frdm a piece of 
paper before your eyes and to throw with a good deal of accurac)'. 
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PHYSICAL ASPECTS. 

Tre Am. 

By GEORGE O. SQUIER. 

E%^en’one knows of course that if there were no atmosphere 
there could be no lifcpbut probably ver>' few fully realize its immeiise 
importance in almost every thing we do. In one condition tt is 
invigorating and gives us a zest for bard work whether mental or 
physical, in another it leaves us depressed and incapacitated for effi¬ 
cient labor of any kind. Numerous majiiifacturing processes are 
radically affected by the amount of moisture in the air, and many 
others by its temperature. Power is transmitted by it; we coin- 
mtinicate our thoughts one to another by vibrations of the air ; and 
by its aid we have recently acfjuifcd our swiftest mode of travel. 
Obviously then a know ledge of the composition and physical proper¬ 
ties of the air is of such vital importance as to justify most pains¬ 
taking study and investigation. 

In the past few years* for instance* several elements, helium, 
argon, neon* krj'pton, xenon^ have been found in the atmosphere 
that previously were unknown and even unsuspected^ for they were 
not reriuircd by the Mendelceff table of the elements as then under¬ 
stood. One of these, argon, amounts to nearly one part in a hun¬ 
dred of the whole atmosphere, and yet through decade after decade 
of chemical investigations involving countless thousands of air 
analyses, it, and all its family of gases, remained unciUcovered I 
Recently, too, means have been found for drawing directly on 
the atmosphere for an inexhaustible supply of nitrogen compounds 
used in the production of powerful explosives, fertilizers and many 
other things of great value. 

Not long ago even the most profound Scientists believed that wdth 
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jjicresse of elcvatioa the temperattire of the air decreased more or 
less uniformly from whatever it was at the surface of the earth to 
absolute zero at an elevation of perhaps 30 to 40 kilometers. Now 
tve know that this is not true, that at an elevation of only lo to 
kilometers at this latitude the temperature becomes substantially 
constant with respect to increase of altitude, and, what is of even 
greater intellectual interest, we can explain ivhy it must be so. Only 
a little while ago no one could why the clouds never rose higher 
than certain levels that were far below the known heights of the 
atmosphere. Now we do know why this is true, as we also know 
why douds are more abundant at certain levels and less abundant 
at others. 

We recently have teamed how the velocity of the wind generally 
increases with altitude, and why it so increases. At last, and that 
quite recently, vve have found a logical and experimentally supported 
theory of the electrilicalion that gives the lightning flash, and with 
it we have acquired a clearer understanding of the mcchanisni of 
the thunderstorm. 

These are only some of the comparatively recent discoveries in 
connection with the phenomena of the atmosphere, and opportunity 
lies near and inviting for many niore. 

The genesis of the ordinaiy^ qTlonic storm still needs much study 
and discussion. The relation of topography, nature of the surface^ 
sunshine, etc., to air movements, both horizontaJ and vertical, need 
to be intensively studied because of their importance to the art of 
aviarionp especially aviation as a means of commercial travel and 
as a sport. Through this mvestigation we may reasonably hope to 
acfjuire the art of soaring, and thereby realize the gentlest of all 
modes of travel. 

The immediate problems of the atmosphere calling for solution 
are numerous, but I shall meiilion only one more. On the whole die 
earth is negatively chargedp What then is the origin of this negative 
charge and how Is ii perpetually maintained? 

VVAM Dn-AHTilEKT. 

Omcfs OT xnz Chief Officer, 

WrtSuiscTON, April, ipl?. 
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MECH.^NICAL ASPECTS OF AERONAUTICS. 

Bv W. F. DURAND, Pti.D, 

Scope of Pape*. 

The present paper deals with heavier-ihan-air machines only. 
No attempt will be made to describe the present situation in compr^ 
hensive detail. The achievements of the past and the present condi¬ 
tion of the art of aeroplane design, construction and operation must, 
for the most part, be assumed. The purpose of the paper will be 
rather to point out the more important problems pressings for solu¬ 
tion. the elements in the broad problem of aeronautics which we may 
reasonably hope to improve, and so far as the author is able, to indi¬ 
cate the directions in which improvement may be sought. 

The subject will be considered under the following general 

heads: 

Structure of Aeroplane. 

Power Plant. 

Propulsion. 


Structure op AEHorLANii. 

As a problem in engineering design the aeroplane presents the 
following features. 

Required a structure coherent as a whole, provided with large 
flat or gently curved snrfaces for realizing the necessary support, 
mth suitable accommodation for the personnel, and with suitable 
structures for supporting a prime mover and for receiving the thrust 
of a propeller, fitted also with-suitable auxiliary guiding surfaces for 
control in the air, and with suitable strength iu all its parts to resist 
with a reasonable margin of safety the stresses to which it will be 
subject in the accidents of aerial navigation, 
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In its essence, however, the aeroplane h a wing or a cambination 
of wings fitted with one or more engines and propellers. 

The cliief structural problems are therefore concerned with 
(t) The design and constmetion of the wing. 

(2) The design and constniction of the members necessary ^d 
sufficient to join the wings together into a coherent structure suited 
to the purposes in view. 

The wing again presents two problems. The surface and the 
framcivork necessary to pve form and strength to the whole. 

The amounl of surface to be provided h dependent; according 
to well known laws, on the weight to be supported and on the speed 
at w'hich support is to be realized. In the outlook ahead the insistent 
demand will be for the largest practicable size. We may there¬ 
fore put the question bluntly, what is the largest attainable size, 
what elements tend to limit size and how may we hope to remove, 
in some measure, the effect of these limitations. 

If we consider a series or family of aeroplane structures, homol¬ 
ogous in all dimensions and differing only in size, we shall evi¬ 
dently find a ratio of surface to weight decreasing with increasing 
dimensions. The weights wih increase as the cube of the linear 
dimension, the surfaces as the square, and hence the ratio of surface 
to weight will vary as the inverse ralio of increasing dimension. It 
follmvs that for such a series of structures the weight of the struc¬ 
ture itself will tend to absorb an increasing part of the total weight 
which the surface should sustain at any given speed, and with cor¬ 
responding reduction in the surplus lifting capacity available for 
power plant, crew, armament, express freight, etc. 

Let If denote any linear dimension of the plane. 

A the area. 

the weight of the plane and auxiliary structures. 

Then for a family of structures such as are here considered we 

shall have 

A =Bx^. 

W, = Csi*, 

where B and C are two coefficients connecting respectively area 
with the square of x and weight with the cube. 
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At any given speed let the relation of total lifting capacity’ to area 
be expressed by the ratio nr. Then if = total bftijig eapaci^ 
we have 

— mA = 


Denote the net lifting capacity by y. Then we shall have 


y^W~Wt^ faS*5 _ 

rfv 

jr = - sCx* - o. 


and 


X = 


zmB 
3 C * 


4 

^“”27 c* ‘ ^ 

For such a series of structures ihcrofore the maxmimi net lift- 
itig capacity vnU be given by a siae determined by the value of ^ m 
equation (1) and the actual maximum net weight will be as in 
^uation (2), For larger sizes of stmeture the weight required 
in the structure itself will increase more rapidly than the carrying 
capacit)' depending on area, and hence the net lifting power will 
decrease. It results furthermore that for such a family of structures 
there will be some size for which^ all at a given uniform speed, the 
nc?t carrying capacity will be Kero, a size for which the total lifting 
capacity at the stated speed will be only just able to carry the weight 
of the structure itself. 

We may now" ask tw^o im|iortant questions. 

(1) W-hat measures must be taken, in such a series of struc¬ 
tures, to increase the maximum net carrying capacity? 

(2) To what extent do these conclusions apply to a scries of 
actual awoplanes of continuously increasing wing surface? 

Regarding question (i) the form of the expression for shows 
that it varies directly with m\ directly with and inversely with 
C** We must therefore seek to increase in and B and decrease 
We cannot hope to affect the value of B, the relation of area to 
linear dimension. We may, howover. Increase m by increasing the 
speed and decrease C by improved design or by developing im- 
terials stronger for n given weight than those now employed 
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Regarding question (3) we may state the problem thus. For a 
series of aeroplanes of increasing area, haw closely vrilJ the increase 
in weight vary with the % p*wer of the rate of area increase? 

Broadly speaking the relation seems to hold within a significant 
degree of approximation. The w^eighi of skin covering itself null 
increase as the surface^ All slructures subjected to cross breaking 
and in general all dements which tend to constitute the structure as 
a whole into a truss or girder will, except as the character of the de¬ 
sign may change increiise in their own linear dimension nearly with 
the overall increase in linear dimension, and hence in weight 
nearly as the cube of the linear dimension or with the % power of 
the surface. Time does not permit any detailed analysis of this im¬ 
portant problemp but broadly speaking we may expect that in a 
series of aeroplanes of the increasing area the weight will increase 
somewhat more rapidly than the area but somewhat less rapidly than 
the % power of the area. 

The practical question is this. To what d^ree of approximation 
in a series of aeroplane structures will the structural weight vary* 
wmh the % power of the area of wing? We know that for a given 
speed, wing area and gross weight vaty- nearU" direct linear ratio. 
Hence if the structural ivcight increases more rapidly than the area 
but somewhat more slowly than with the % povrer^ it is obvious that 
for any given speed there will be some area ^vhich will insure the 
maximum net lifting capacity and beyond this area the next lifting 
capacity' will decrease. 

Actual experience seems to indicate an increase iu weight re¬ 
lated to wing area according to an index lying bctiveen i and % and 
varying somewhat irregularly according to the changing type of 
construction with increasing size. Hence we may conclude that for 
a given speed continued increase in sis:e of w^ing alone will not insure 
indefinite increase in the net carrying capacity'* but that instead 
there will be some area for which the net cany ing capacity may he 
expected to reach a niaximum, after which further increase in size 
at the same speed wlW involve a loss in carrying capadty'+ 

It follows again that in order to increase carrying capaettv the 
following steps are indicated. 
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1. Improvement in the elements of de^gn and in the materials 
of construction. 

2. The selection of such a aisie of wing as shall insure for the 
tyjK of design anti for such wing as an element in the structure as a 
whole, the maximum net carrying capacity, 

3. Increase in speed to the upper limit practically attainable, 

4. Increase in number of pLanc$. 

Recent experimental work with three, four and five planes seems 
to point to the multiple plane as perhaps the most immediate means 
of increasing carrying capacity. Or in other w'ords, given the limita¬ 
tions imposed by structural materials and the upper Umit of speed 
considered pructicahle and expedient, mtiltiple planes seem to be 
the immediately remaining recourse for further advance in net car¬ 
rying capacity. 

Passing now briefly to the actual materials available^ we may 
make a dassih cation as follows. 

Surface material (eotlon or linen duck fabric). 

Wing skeleton or structure—wood (spruce and mahogany) 1 steel. 
Struts and braces connecting wings in muttiple—-^vood (spruce and 
mahogany), steel or special alloys. 

Body or boat material: Framing: wood or steel. Covering: wood 
veneer or sheet metai 

Ties for serving as tension members in connecting wings to body or 
in multiple: steel wdre, single or laid up in cable. 
Fastenings: drop forgings, sheet steel bronEe. 

The two fundamental problems are: 

1. The devdopment of materials furuishing more strenglh for 
the same wdght. 

2. The better dikposUion of the materials which we now have. 
Passing the above classes of rnaterials briefly in review^ we may 

note as follows. There docs not seem to be anythiiig immediately in 
sight better than the materials now used for surfaces. With suit¬ 
able treatment (usually coatings of celluloid dissolved in acetone 
with varnish finish) the material stretches tight, takes a smooth 
surface and has sufficient strength to support itself between the 
supporting ribs. 
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The surface docs not form a large fraction of the total weight 
and saving here is not relatively as importanr as in the framework. 
The substitution of metal for wood in the framing has long 
since attracted the serious attention of aeronautic engineers, and in 
certain recent designs the problem has been rvorked out with ap¬ 
parently a high degree of success. These results indicate the prob¬ 
ability of an increasing use of sled for parts which have hitherto 
usually been made of wood. The peculiar qualities of stiffness and 
resilience combined with readiness of shaping and forming have 
combined to make wood broadly speaking the standard material for 
the skeleton or framing of the wings and body. It seems, however, 
a foregone conclusion that some parts now made of wood ntight 
with advantage he made of the best motlem alloys combining strength 
with bghl weight. The extent to which this can be wisely done can 
only be determined by trial, but it seems probable that jjcrhaps im¬ 
portant savings in weight may be made by a Judicious substitution 
of metal in certain elements of the structure. 

The outlook for the future calls for new^ and improved metal 
alloys with certain of the physical characteristics of wood, as nearly 
as may he realized, and with proper form and projKirtion securing 
the devclopnient of the same strength with saving in weight. 

The use of steel wire and cable For ties \s standard and prac¬ 
tically universaL These elements form a relatively small part of 
the total structural weight. It seems hard to imagine material 
superior to tlic best modem alloy steel wire, but there seems no 
reason for assuming that such material represents the last rvord in 
the wire-makers’ art and if we may anticipate new and improved 
steel or bronze alloys, such material will proride the necessary 
tension elements with some slight saving in weight. 

Fastenings have been made the subject of much study, experi¬ 
mental and otherwise, and the field ts still open for further im¬ 
provement. Here again the total weight is reLitively small, but 
there may W'cll be a chanee to save something in weight and at the 
same time add to the sectirity and integrity of the design as a whole. 

Broadly speaking, there seems snrall ground for anticipating any 
profound change in the near future in the schedule of materials 
best available for the designer of aeroplane structures. Gradual 
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adv^ATice there will beg ajid with it the designer of such structures 
must be quick to seiK such advantage as he mav. 

Regarding a better disposition of ihc materials we now have, it 
may be assumed that there is a more promising field. It is pecu¬ 
liarly a field which must be worked in an experimental WB.y, and 
while much has already been accomplished there is still room for 
further saving in weight througli a belter disposition of the elements 
of structure employed. 

ITte problem is broadly; given an aeroplane stmeture exposed to 
the hazards of flight and involving baffling head winds, gusts^ forced 
severe banking, diving, quick turning about various axes of niotion 
and all in various doitsbinaticm, required a structure w^hich shall 
present a substantially uni form factor of safety relative to the 
extreme stress, in any and all dlrecticms, to which it may be sub¬ 
jected. 

This is obviously not a problem to^be solved by theoretical 
methods or over the drawing board alone or even chiefly. It is 
distinctively a problem lo be worked out primarily by experience 
supplemented by experiment, which is* after all. only experience 
realized under control conditions. 

One of the future developments which should not be lost sight 
of lies til is way and should comprise comprehensive studies of the 
conihinations of structural elements available* always with the view 
of realizing more efficient results; that is, a more equable distribu¬ 
tion of the strength realizred w^ilh a corresponding saving in weight. 

The problem of weight economy is vital in the science and art 
of aeronautics, and the possibilities of advance through a well- 
ordered program of experimental investigation on full sized forms 
should not be lost sight of, 

PowtR Plant, 

We pass next to the subject of the aeroplane power plant. We 
here meet the futlowing principal problems, 

1. The problem of fuel. 

The problem of carburetion or preparation for combustion. 

3. The thermodynamic problem of the transformation of the heat 
encrg>' into mechanical work. 
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4 > The problem of atixiliaries. 

5* The problem of cortstnictioti. 

Gasoline stands preeminent as the standard fuel for aeroplane 
service. The chief objection is its high price. This will operate to 
produce a serious limitaticHi in ihe economic application of the 
aeroplane and one of the most important problems with special 
reference to an extension of economic u$e is the development of 
prime movers capable of using cheaper grades of £ucL It will not 
be without interest, at this pointy to note the fuel cost per ion mik 
for aeroplane semte as compared wdth the same item for railroad 
and for inarinq transport. If w'e take an aeroplane wdth say 130 
h,p. carrying 300 pounds of cargo at a speed of 60 m.h. w^e shall 
find with gasoline at 20 cents per gallon a- fuel cost of about 30 cents 
per Ion nilk- This will compare with about Vio cent in the case of 
a heavy freight train and writh about cent in the case of say a 
lo^QQO ton steamer. The fuel cost for merely earning dead weight 
may therefore readily be from 300 to 1200 times as great as for 
railroad or marine carriage. This unfavorable relation between the 
economics of the fuel cost for aerial and for marine transport 
arises from cerlain relations which develop in the two cases between 
net cargo weight and gross w^eightp and betw^een horsepower ajid 
gross weight. 

Thus for the ship the net cargo weight may be* for moderate 
speeds, as high as 50 per cent,-of the gross weight, while for the 
aeroplane as noted, il would he about 12 per cent, ,Again the ship 
requires for a speed of &ay 15 miles per hour* a horsepower of 5'^^ 
or less, or not exceeding I h,p, for 4,500 [xjunds gross weight while 
the aeroplane requires something of the order of l !T,p. for 15 
20 lbs, gross w^eiglit. Again the fuel for the a^plane engine 
costs from 5 to 8 times as much per horsepow-er hour developed as 
for the ship prime mover. 

While the fuel represents by no means the whole cost It is an 
important Item and il is dear that so long as the awonautic engincci' 
Is limited to gasoline fuel the economic uses of the aeroplane must be 
seriously handicapped. 

There arc other fuels cheaper in character and de^’doped to a 
point where they are satisfactorily employed m certain grades of 
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internal combustion service, notably kerosene and distillate, and 
cheapest of all, crude oi! which is used in engines of the Diesel 
type- The demands of acronautfc service are, howcvcrp insistent in 
regard lo the holding of engine and machinery' weights to the 
minimum and any attempt to use fuels other than gasoline must 
reckon with the possihility of increased wcighL This Ismttation 
will apparently, at least under existing design ccmdiltoiis, rule out 
the Diesel engine from consideration, 

\\ ilh esiisting conditions of d^ign and operation there seems 
to be nothing in sight as an immediate substitute for gasoQne, and 
vye cannoli well see in what direction to turn for the ultimate solu¬ 
tion of this problem. It is( however, none the less real and the ecO’ 
nomic extension of the aeroplane will dcpiend in large measure upon 
the success or failure of efforts directed toward the development of 
a cheaper fucL 

Passing now to the problem of the carburetor only the briefest 
reference can be made to the principal details of this problem. 

The primary function of the carburetor may be defined as the 
mixing of the gasoline in a finely divided state with the air necessary 
for combustion. Follovring this* on its way to the cylinder and on 
entering the cv’linder, the liquid fuel liecomes rapidly vapori2ed and 
ready for compression and iguidon. The fundamental require¬ 
ments are the following: 

Fine subdivision of the liquid fuel. 

2 . A uniform or nearly uniform mixture by proportion of gasoline 
to air at varying motor speeds. 

Fc3r aeroplane service, there should be. in addition, some adjust¬ 
ment, either automatic or manual, with reference to altitude and the 
consequent varj-lng density of the air. 

The function of the carburetor may be view'ed under two heads. 

I. Reliability. 

Economy, 

For aeroplane service a carburetor giving a nearly uniform 
mixture over a wide range of operating conditions is of special 
importance from the standpoint of reliability, men the life of the 
aeronaut may well depend on the degree of reliability with which the 
carburetor furnishes a nearly uniform mixture suited for ready igni- 


DUHAKI>-MECHAXICAL ASPECTS. 


179 


tion, the importance of this plias^ of the problem is apparent with¬ 
out funher emphasis. 

The best of present carburetors realize these conditions tu high 
degree. The principal points sLil! open for improvenicnl are perhaps 
the following: 

1. Improved means for atomizing the liquid fuel, looking espe¬ 
cially toward the finest attainable degree of subdivision. This will 
aid both economy and reliability^ 

2. Improved means for covering a w^ide range of atniospheric 
conditions as regards density, temperature and humidity, and with 
a wide range of power de^'eloped tinder any combination of these 
conditions. 

3. Improved means for atomizing the gasoline with the minimum 
drop in pressure through the carburetor. This wdll aid in decreas¬ 
ing the back pressure and will increase the net potver developed per 
cycle. 

Improvement in the carburetor is primarily dependant on experi-. 
enct The interaction of the various controlling factors is so com¬ 
plex in character that cut and try methods based on the tntelligent 
appheatton of underlying principles seem to promise the most 
fruitful results in the improvement of this element of the internal 
combustion prime mover. Tlie field is open and we may look con¬ 
fidently to the future to provide a standard form of carburetor 
which will secure the highest practicable results over the \videst 
range of operating conditions. 

We turn next to the them^odynamic aspect of the problem. 

Under this head I shall only refer briefly to the chaiwcter of 
thermodynamic cycle employed. As well known, the cycle at present 
universally employed is that based on the constant volume^adia- 
batic icIcaL There remaiu open the constant pressure-adiabatic 
cycle and the constant temperature-adiabatic or Carnot cycle, or 
some combination of these. 

The Diesel engine uses a cycle more or less intermediate bettveen 
the latter tvro. 

The constant pressure-adiabatic cycle has long been the ideal 
of engineers with special reference to sustained crank effort and 
the elinunation of the explosive shock characteristic of the constant 
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volume-adiabatic cycle. Thus far, however^ structural and opera¬ 
tive difficulties m variotis details of the process have prevented the 
wide use of this cycle. It is, however, Just now the subject of 
special investigation at the hands of engineers of insight and re¬ 
source and it may well be that the near future will open up to the 
aeronautic engineer tins cycle for practical use in engines for aero¬ 
plane service. If engines operaliiig on this c^xte can be made a 
success in the operative sense while at the same liine keeping the 
weights douTi to the limits reached with the type now employed, we 
may anticipate a wide held of usefulness for this cycle. 

Under the head of auxiliaries the chief functions are ignition, 
cooling and lubrication. To these we may perhaps add^ ^ rapidly 
approaching the status of common acceptance, some form of start¬ 
ing motor or de\'ice with wireless outfit, especially for military pur¬ 
poses. 

Under ignition the insistent requirement is reliability, commonly 
assured, so far as auxiliaTy equipment is concerned, by magneto 
installation in duplicatCL 

Cooling is nonnatly by water, except in the rotating type of 
engine, w^herc air cooling prevails. The principal problems here 
relate to methods of circulating and cooling the water, sectiriiy of 
joints and connections, minimising loss of water by boiling and 
assurance of adequate supply for long life in air without going to 
needless excess weight in water carried. 

The principal problems presented by lubricalton are reliabili^ 
and simplicity of means employed, usually some form of pressure 
or positive supply system. 

Further references to problems presented by auxiliaty equip¬ 
ment are more conveniently made under the next following head. 

Under the general head of construction, time will only permit of 
brief reference to the following topics i 

Materials. 

Design. 

Fabrication. 

The materiab employed are ebiefly cast and wrought stcek cast 
iron for some fetv parts, aluminum and bronze. In order to reduce 
weights to a minimum forged steel ts used for the cylinders or 
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cylinder liners and generally for all parts reedving or carrying the 
direct Load. Further progress here will wait on the skill of the 
metallurgist in furnishing sleds of higher physical properEie& than 
those now^ available. Broadly speakings the present aeronautic 
engine, Ln the most refined designs^ exhibits a very near approach 
to the practtgablc limit with the materials at present available and 
further saving in weight must depend chiefly on the work of the 
metallurgist in developing new and improved materials for use. 

The chief outstanding problems in the design of aeronautic 
engines are those dealing w^ith the most effective disposition of the 
available materials of constructicin^ and with the forms, proportions, 
arrangements and assemblage of the elements in such manner as 
shall secure the highest practicable degree of reliability of operation. 

In the disposition of the oiatcrials with reference to the strength 
and stiffness required^ the fundainental and insistent demand is the 
saving of weight* This problem is one to be studied partly by the 
application of inecbanic$ and general engineering principles, and 
partly by experience. In any given engine there is no question but 
that there is a certain amount of redundant weight. The problem 
is to locate it, ^Mtile, as already noted, the best of modem designs 
represent apparently a close approach to the ultimate attainable 
with existing materials, nevertheless the field of design with refer¬ 
ence to further refinement is still open and will doubtless well repay 
further study. This road marks clearly one of the ways whereby 
future progre.ss and improvement must come. 

The principal problems dealing with improved reliability and 
with knglh of operative life may be enumerated as follows: 

1. Oiling system and lubricarion generally. 

2. Means for securing all pipes and condiitts, whether for oil, winter 

or electric wirings in such manner that jar and vibration 
cannot cause their rupture or separation at joints. 

3. The reduction of vibration tn a minimum by the careful balanc¬ 

ing of rotating and reciprocating parts so far as practioble. 

4. Adequate bearing surfaces cspecblly for all principal parts, so 

that with a reasonable supply of lubricant there need never 
be danger of cuttiiig or abrasion. 

5. Adequate crank shaft siie and adequate crank shaft bearings. 
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both tn surface and in namber, so that the shaft may be 
shielded from alternating flexure, a condition certaki to result 
in early rupture. 

6 . Simplicity and directness of operation the valve gear. 

7. Simplicity and directness of drive for all auxiliary machinery 

such as magneto, water and oil pumps, 
til connection with the general problem of lubrication, one of 
the great problems, perhaps the one most important problem in 
connection with the aeroplane prime mover, relates to the possibility 
of developing metals of such physical properties or relations that 
they will operate in sliding relation without serious abrusion and 
without the need of constant luhrication, at least in terms of the 
practice found necessary with the materials now employed, 
"Whether any such metals in pairs can be developed or whether the 
surfaces of metals will admit of treatment in any way which will 
reduce in marked degree the aniount of lubrication required, is of 
course an open question; but the march of sdentifle and engineering 
progress is marked with many discoveries and developments seem¬ 
ingly far more remote from possibility than is this. In any event 
it is a field well worthy the most careful investigatton. not alone for 
its importance in connection with aeronautic prime movers hut also 
for the far-reaching influence which it would have throughout the 
whole field of engineering design, tl represents moreover a serious 
need in the case of the aeronautic prime mover with reference to in¬ 
creased safety, simplicity and decreased cost of operation. 

These problems, and others allied, all offer inriting fields for the 
research engineer, the designer and the inventor. It is, further¬ 
more, difficult to overestimate their importance. Thus the rupture 
of a small oil pipe, perhaps inch diameter, due to vibration result¬ 
ing in a crystallization of the metal at a point of attachment, might 
result in the failure of lubricant to reach some important element 
of the engine, as a consequence of which the bearing heats, abrades, 
perhaps seizes, the engine stops and possibly disaster comes swiftly 
as a consequence. \\Ticn safety of Ufc may depend on continuous 
operation of the engine, nn item or element bearing on reliability is 
too small to receive the most serious and earnest efforts on the part 
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of those responsible for the design and construction of the prime 
mover. 

It seems appropriate to note at this point* that until the margin 
of uncertainty or of unreliability U reduced far below where it now 
stands, the navigation of the air will be dosed to the great mass of 
people who will prefer the safer if somewhat less thrilling mode by 
way of the solid earth or the water-borne boat. 

Propulsion, 

The screw propeller has been universally adopted as the means 
for transforming the work developed by the prime mover into 
propulsive work. 

In spite of its simple form the operation of the propeller depends 
on an astonishingly large number of variables, interrelated in com¬ 
plex and baffling ways, and thus far transcending all effort to bring 
them into practicable expression through the application of aercp 
dynamic theory. The chief variables or conditions thus entering 
into the operation of a propeller may be listed as follows: 

(b) Characteristics of the propeller as a geometrical body. 

(t) The diameter or general determining dimension. 

(2) The pitch of the helicoidal surface employed for the driv¬ 
ing face. This may have two different modes of 
specification, via.: 

(b) The single value of the pitch if uniform, or the mean 
value if variable. 

(fr) The distribution of values if variable. 

(5) The form of the contour bounding the blade or helicoidal 
surface employed. 

{4) The area of the blade on the driving face. 

(5) The cross section or thickness of the blade. This may 

have two mode of specification, viz,; 

(o) Areas of cross sections and their distribution radially, 
(fr) Forms of cross sections. 

(6) The character and finish of the blade surfaces, 

(7) The form and dimensions of the hub or central body 

carrj'ing the blades. 
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(b) The diaracteristics of the adjacent structures such as parts of 

the aeroplane. These will tnflncncc the Row of air to and 
Irom the propeller and will thus affect the force reactions 
resulting from its operation tinder any stated set of condi¬ 
tions. These may he primarily specified by 

(t) Dimension and form. 

(2) Location w ith regard lo propeller* 

(c) The characteristics of the medium. 

(1) Density. 

(2) Viscosity* 

{3I Character and extent of turbulence or departure from 
hqmogeneons conditions. 

(d) The characteristics of operation. 

( 1 ii Speed of translntion or speed of advance. 

(2) Speed of rotation. 

We have ihus, without going too far into detail, some 14 vari¬ 
ables or conditions^ any One of which may exercise an important 
influence on the results realised from the propeller* 

For many purposes and by way of approximate working 
formulaep the Ofjcration of the propeller is related through empirical 
cocfRcienls to the three most Important of the above listed set of 
condidons; namely^ diameter^ pitch and the slip* w^hich is directly 
expressible in terms of the relation betw'cen the speed of advance 
and the speed of rotaliorii* 

Aside from such approximate forniute, in which the values of 
the coefiideiits drawm from experience must be so selected as to care 
for all variables other than the four directly represented, there 
seems to be no recourse save either in direct full size experimental 
investigation^ or in model ifivestigadoiiH The {imitations of full 
experimental investigation are evident, and aeronautic engineers, 
following the lead of the naval architect, have turned to model ex¬ 
periments as furnishing the most hopeful means of dealing with the 
problem of the screw propellefp 

The use of mcxlels presupposes the application of a law or prin¬ 
ciple of kinematic similitude^ and rega^rding which it is unnecessary 
to speak in detail on this occasion. It will aid, liow'cver, in clarify¬ 
ing our present view to state the underlying assumption as follows. 
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The existence of a law of kinematie similitude assumed that for 
any given set of operating conditions for the full-siacd body Lliere 
tvill correspond a determinabte set of conditions for the model and 
that the results realized for the model may be transformed into 
the results to be anticipated from the full-sized body by the applica¬ 
tion of determinable ratios which will be some known function of 
the relation between the tw'O sets of conditions. 

It should be noted further that this relation assumes that off of 
the conditions which may affect the result in iiiiestion admit of 
definite expression in ternrs of mechanics and of definite numerical 
tneasurement in specific cases. This is not always possible espe¬ 
cially with such factors as surface roughness or degree of turbulence. 

Again the special conditions which are retjuired for the model 
may be inconvenient or evert impracticable as regards experimental 
realization. 

Tliese various conditions prevail in the case of air propellers. It 
is tvell known that we are only able to realize a practicable applica¬ 
tion of the law by neglecting the infinence of the viscosity of the 
medium. This of itself, with the air propeller working in an in¬ 
definite medium and under loads and speeds which would permit the 
neglect of the influence due 10 the compressibility of the oir and of 
the distortion due to thrust and centrifugal force, would make all 
speeds corresponding. This is equivalent to a reduction of the 
equation for the tlirust of a propelltr to the form 

Hence with such a relation the model may be run at atiy s^jeed 
with the same percentage slip as for the full-sized propeller, and 
from the observed value of the thrust we may elcrive the factor /C- 
The constant thus determined should then serve for any diameter so 
long as the shape and slip remain the same as for the experimental 
conditions. 

If, however, allowance is to be made for compressibiUty and for 
distortion due to force loading, theory indicates, as is well known, 
that the tip speeds of both model and full-sized propeller should be 
the same. 

The form of corresponding speed relation usually adopted for air 
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propellers is in accordance with these indications. There i^einains, 
however, a mar^n of uncertainty rc^rdlng the influence due to the 
nt^lected viscosity and also a query as to the amount of error which 
would be introduced by using lower tip speeds for the motLel than 
for the fulbsiaed propellers. 

These hvo queri<Js therefore stand out, representing two problems 
which press for solutton and which lie at the foundation of the 
investigation of air propeller operation through the use of reduced 
si^e models. 

\Vc must therefore admit that the application of the law of 
kinematic similitude^ in the form commonly employecU to experi' 
mental research on air propellers by means of reduced models, lacks 
full authority in rational theotj*, and as a result the real justification 
must come from experience. This means that the te^s on models 
and their interpretation in terms of ftill-sijccd propellers must rest 
ultimately on carefully determined results given by the corespond¬ 
ing full-siased propeller. This does not impty^ hnwever, that all 
model nieasnremeiits need to be checked by corresponding experi' 
ments on full-sl^ed propellers^ for if so there would be no object in 
the model experiments- but rather; that a selected number of 
cxperinicnts should be carried out, here and there over the Reid of 
propeller forms and proportions, thus establishing the presumptive 
degree of accuracy in model experimental work. With such margin 
of error knowai, model experiments could be used freely, mth suit¬ 
able corrections if necessary, and the results would then have all the 
accuracy which can attach to model experimental work corrected 
by reference to direct experiment on fuU-siied forms. 

So much for the propeller itself. It must be rcTnembereth how¬ 
ever, that the propeller is but the connecting link between the prime 
mover and the aeroplane, and that no matter how excellent the pro¬ 
peller in it self p it must be adapted to the prime mover and to the 
aeroplane in order to secure a harmonious and efficient combination, 
or rather all three must be adapted each to the other, and it is in this 
tack pi adaptation that much of the trouble with and incffidency of 
the screw propeller in actual use arises, Tlius no matter how effi¬ 
cient the propeller itself at a suitable value of ihc slip* if it is too 
small for the aeroplane, the slip vviU become excessive with corre- 
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spending less in dficiimcy. Again if too large or if ihe relation 
txMwcen speed of advance, slip and torit[ue are unsuitable, the pro- 
pdler will perhaps hold down the motor to a rotative speed entirely 
too low and thus render impossibk the developiiient of the desired 
powen These and other relations are of course well known and 
are only mentioned here in order to emphasize the importance of the 
most careful Inter-adaptation between the aeroplane, the motor and 
the propeller. 

In this field there is still importarit work to be clone lU a more 
complete study of the characteristics of the aeroplane and propeller 
separately and when conibiued in their uonnnl relation, all wdth a 
view of insuring a more perfect adaptation of the one to the other 
and of the prime mover to both. 

The air propeller has thus far been normally made of wood and 
of the t^vo-hladcd form. Outstanding problems winch are awaiting 
investigation relate to the best modes mcchauically of making three 
and four blade propellers w'ilh the consequent saving of diameter 
for the same thrust, revolutions and slip; also to the practicability 
of propellers of light metal alloys instead of wood. Some work has 
been done along these lines and some hopeful indications have 
appeared, 

A further problem, stmcliially, relates to the thickness ncc^- 
sary for strength under the complex stress dtie to centrifugal force 
and air pressure* and also the distortion of the blade under these 
loads and the extent to w'hich such dislortiou may modify the geo¬ 
metrical characteristics of the propeller itself. 

Concluding we may in resume sum up for the aeroplane as a 
wdiole, the insistent demands on the realization of which future 
. progress must dependn Tliesc are: 

I, Minimum weight o.f structure in relation to area of support’^ 
ing surfaces and of pow^er plant per unit of power developed. This 
will seal re increased carrying capacity for fuel and supplies and for 
useful weight such as passengers, mail, etc.* and this wall serve as a 
factor in either long life in the air or heavy carrying capacity for 
short distance. On the other hand such extra weight carrying 
capacity may be put into additional posver plant, engine and fuel, 
for correspondingly increased speed over shorter distances. 
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a. Maximum wonoiny of prime mover and in applying its power 
for propulsive purposes. This will insure minimum consumption 
of fuel and supplies per unit of time or distance, and hence will 
serve as a factor in long life in the air or in large weight carrying 
capacity, or in added capacity of prime mover with corresponding 
increase of speed for shorter distances. 

3. Reliability of operation. This embodies improved methods 
of control and navigation, and greater reliability in each of the many 
individual elements on which overall relialnlity in operation de¬ 
pends. These improvements are of special significance in the 
problem of lengthening the effective life in the air and broadly in 
the extension of the usefulness of the aeroplane especially in the 
arts of peace. 


AEROLOGY. 
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Tbe treatnKmt of ihh subject m one paper must necessarily be 
gcticml. An attempt will therefore be made to cover the ground 
and Indicate points of contact between aerological observation and 
a^onautics, leaving argument and details of methods to a fuller 
trcatnient of the subject which, it is hoped^ may appear in the near 
future. 
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Flc. 1. Percentage of winds fmnt each of eight directions for the year at 

selected iUtions* 


Means of observations already reduced and compiled will be 
used in the discussion, not with the idea that these means will fully 
serve the aeronauts' purpose^ hut that they indicate standard condi¬ 
tions which to some extent show what may be expected at any time 
and place and should be in mind for comparison with the individual 
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observations in the rt^on tiavigaied. Thc.se ohsemitioos on the 
spot are of fundamerktaL ini|>ortaiice and in practice cannot Ise safely 
set aside for forecasts or the indications of means as to the tipper 
air conditions. 


FiC. a. Mean velocity of winds from cadi of cifilit dlrectioiis for the yt^r 

at selected stations. 


Charts of means arc in a sense the aeronauts’ charts of the 
n^ditiin he navigates, but it must be hept in mind that these chartSp 
in which results of observations are usually shown with reference 
to surface pressure distribution, are to be used with the current 
iveather map. 

Observations are made by means of kites, captive balloons and 
free balloons. Kites and captive baltcjons carry automatically re- 
g inslnuncrtts which record continuously temperature, preS’ 
sure, humidity and speed of movcttienl of the air. The free balloons 
used ate of two sorts, sounding balloons and pilot balloons. The 
former carry an instrument w^hich auloriiatically records tempera,' 
lure, pressure and humidity of the air* Observations of air move¬ 
ment are obtained by means of continuous theodolite olisen'ations 
upon the balloons. Tn the case of sounding balloons, heights may be 
computed from the pressure record, and observations with one theo- 
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dDlit< used with these heights to dctemiine liorizontaJ distance from 
the starting point. When pilot balloons are used, the rale of ascent 
can be fairly well determined by tneans of one of several fonuulat, 
based upon the weight of the balloon, its resistance to the air and 
its ascensional force. It any case the position of a free balloon can 



Fig. 3. Meridional section 01 the atmosphere. 
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be determined independently of the barometric pressure or of the 
ascensionnl rate of the balloon if a pair of ibeodolites, one at citheir 
end of a mca$Qred base line, u used* By means of aay of these 
methods the ohsen'er is able to plot a horis'ontal projection of the 
balloon's path. From this plot may be read the wind speed and 
direction at any lime during the ascension. 

One of the first cares of ihc aeronaut is to put down suitabk 
stations at which aircraft may be housed and repaired. It is im- 
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portaiit that these stations rad their btiildings be easily accessible 
to aircraft- A knowledge of the prevailing meteorological condi- 
tions is therefore of prime importance in the location of any station 
imd in the orientation of its buildings. Among the climatic eondi- 


Fit 4- Htm of VVirtd Observations in "Hsgba” at $56 Meters above Sea 

Levels t 907 -t^lA 


tions that need consideration in this connection arc doodiness^ rain, 
(including thuudcrstonii frcctiicncy)^ f<Jg+ humidity^ temperature^ 
pressure rad wind. Of all these wind is the most importrat. It is 
an advantage to a station if the wind has a decidedly prevailing 
direction. Buildings housing aircraft can then be so orienled as to 
be easily accessible most of the time. 

The W'catber Bureau records can supply such information as 
that shown in Figs, i and z for many other stations than are here 
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included. In additiou to surface conditions it is well if a knowledge 
editions to heights well above ncighbariog: treeSt build- 
mountains can be known before deciding on the location 

of a station. 


Fig, S- M«m of Wind Observations in at 5:2^ Meters above Sea 

Levcip 1907^1912, 


The cemrse to be pursued by a pilot flying between tw*o stations 
should be governed by the structure of the atmosphere at the time 
question. A knowledge of the relations thnt have been 
ist iMitwccn surface and upper air conditions will be of 
\‘alne to the pilots but cannot in general take the place of direct ob¬ 
servations. By means of the obsenations, results of which could 
be available at the starting point of the course within half an hour 
after the observations were startedt it w^ould be decided whether 
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Fig- 0, Mean of Wind Ob&en^aliGn^ in "Hifirlts” at looo Mc3;crs abov'c Sea 

Levtlt igo7-ieia. 


a Jiroct course al the usual hiisght or some deviation^ lateral or 
vertical, from such a course should he made. Data suJfHdent for 
'"laying^"' the course and determining beforehand the tinac required 
to travel it would l>e fumished by the observations. The pilot would 
to a great extent, if not altogether^ be independent of having lo see 
the earth's surface in order to know his direction and position at 
any lime. 

The different convective systems or circulator)- systems of the 
atmosphere, logether with the temperature distribiuioti character- 
ir.ing cach^ arc of especial interest to aeronauts* 

Fig. 3 shows a meridional section of the almosphere, so far as it 
can be detemiined from ob&crvaibns now at hand. For the pun^OSe 































BLAIR-^AEROLOGV, 


195 



Plc. 7. Mtan o£ Wind ObservatJon in at tOOQ Meiers above Sea 

Levels 1E?07-1E?I5, 

of this tht depth of the atmosphere shovvn is greatly 

exaggerated. The units of this general or planetary circulator^' 
sysloni in which the arrows point south are east winds having in 
the average a north eomponent. Those units in which arrows point 
north are in general west winds having in the average a south 
component. 

Especial attention is called to the fact that the air in west winds 
cxerla a greater downttvard pressure than does the air in east 
winds. Aside from the fact that a gram mass moving from ivest to 
east exerts a greater dow^mvard pressure than does a gram mass 
moving from east to west^ h is found that the air in west winds Is 
in general dense for the level it occupies^ while the air in cast winds 











































Fj<l 6. Mean oj Wind Observationa in “Highs’* at 20oo Meters above Sea 

Level, 1907-1912. 

heat. This difference in adiabatic ratiM of cooling and heating 
effectively prevents the mixing of the airs In question. The west 
winds in general follow the irregularities of the bottoms, solid earth, 
water, or aerial, over which they flow and are in consequence gusty 
winds. East winds arc not likely to be tlirowti into gusts bv irregu- 
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is light for its level. That air is heavy or light for the level it 
occupies depends upon its humidity and its leaiperaturc and on the 
fact that descending air heats at the adiabatic rate while condensa¬ 
tion of the moisture in ascending air offsets to a greater or less 
d^ec the adiabatic cooling that accompanies the ascent. It is a lso 
compared with moist air, dry air absorbs but little radiated 
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l^ritics of Surfaces below iliein. They are in general leas gusty than 
arc west winds. 

Goscly related to this arrangemenE of light and heaw airs is the 
fact that the two r^^orts of traveling stomis^ the tropical hurricanes 
and the high and low pressure areas of middle latitudes^ are found 
where air relatively dense for the level it occupies is flowing over 


Fia g. Mean of Wind Observattoni in “Lowj “ it JOOO Mcteri Sea 

Levels 1^-1912. 


moislcr and* for its kvel, relatively light air. These storms are 
surface stratum phenomena^ forming on the botmdarics of warm, 
moist and cold^ dry air masses and have approximately tlie speed and 
direction of the wind in the stratum immediately above them. The 
tropical hurricanes have the speed and directitm of the and trade 
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wintls where the latter flow over the ttadeSp while cydories and 
anticyclones have ilie speed and direction of the upper westerlies. 
The data seem to show that cyclonic disturbances form on the left 
side of oppositely directed, passing currents of air in the surface 
stratum, while anticydonic disturbances form on the right side. The 
airs in these two sorts of currents are differently tempered and of 
different moisture content, the extent of these differences having 
to do with the intensity of the disturbances. These irregularities 
in pressure dtstribulion behave toward the upper westerly wind, or, 
in the case of tropical hurricanes* toward the antitrades, as varia¬ 
tions in the level of the surface over which they floiVn The dis¬ 
turbances are thus communicated directly to the upper winds which 



la Mean of WmeJ Observations in " JriLRhs” at 3000 Meters above Sea 
Level, . 
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Ft<;. II. Mc5iri oi Wind Obsenaiion* m ^Lows^ at 

Level, j 00^-1912. 


above Sea 




thus Iw^come gusty* Just as do winds flowing over irregularides in 
the earth*s surface. These gusts arc accompanied by appropriate 
changes in pressure and teniperaturep and progress in the direction 
and unth the speed of the ivmd m which they occur. They cany 
with them the self-sustaining disturbances of the lower or surface 
stratum which would othenvise be practically stationary phenomena. 

, 4 to 15 inclusive $how^ the direction of the wnuds about 
^i^iiters of high and low pressure at the earth*$ surface and at 
levels above these centers. All winds, whatever their direction at 
the earth's surface^ change direction with altitude in such a way as 
to become westerly by the time the four kilometer level has been 
reached4 This tendency is shown by a comparison of surface winds 
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Fig. 12. Mean of Wind Observatinna m ^ at ^poo Meters above Sea 

Levelp ipQij-igia. 
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with those at the one kilometer level. By the time the three kilo¬ 
meter level has been reached, tt Is probable that isobars are no longer 
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Ficl ij. Mean of Wirtd Obsec^^ations in "Lows** at 4CHXJ Meters above Sta 

Ltve]+ 


closed. The change in direciion q£ the wind with height may be 
in a general way by Table based upon data obtained at 
Mount Weather Observatory. 

rabies IT. and III. show frequency and speed, respectively, of 
winds at different levels above Mount Weather. Table 11 . indicates 
the decided increase iii frequency of west and westerly winds ’ivith 
height. The increase in wind speed with height is rapid for the 
first 500 to 700 meters above the earth's surface, less rapid at 
higher IcA^els. 

In the study of any convective system the temperature distribu- 
tiori in the system is of prime consideration. The vertical distribu¬ 
tion of temperature is of interest to the aeronaut^ not only in connec- 
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tion With the filling and ascensional rates to be expected of balloorw 
but aho as the best available index of the condition of the atmos¬ 
phere with respect to stability. 


Fig. 14 Mean of Wind Observations in at 5000 ab^ve Sea 

Level, i0OF?-J^ia- 

Fig. 16 shows the temperalnre distribution throughout the year 
up to the five-kilometer level It is based on 5 years of observation 
at Mount Weather, The isotherms are fartlicr apart veriieally in 
the winter than in the summer months, indicating less stable atmos¬ 
pheric conditions in the sninmer months. The decrease in the am¬ 
plitude of the annual variation of temperature with height is ap¬ 
parent; also, the difference in rales of rise and fall of temperature 
before and alter the annual maximum. 
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17 shows the vcriical di$tiibutEOni of temperature to be ex:- 
pec ted in the different quadrants of the high-pressure area* based 
on five years of obsen'alton at Mount Weather, while Fig, 18 con- 



Fid 15, Mean of Wind Obserratinns In "Lejws" st ym Meters above Sea 

Level, 1007-1911. 

tains similar information for low-pressure areas. The temperature- 
altitude relation for a condition of neutral equilibrium !n the atmos¬ 
phere would he represented on one of these charts by a Line drawn 
at an angle of 45° to the axes. Such a gradient 13 more nearly op- 
prdathed by average conditions in the high-pressure areas of the 
summer months than elsewhere* hut the height to which it extends 
does not often exceed 1,300 meters in these latitudes* 

Other convective systems than the planetary' are in independent 
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operation. They are set up locally because of peculiarity of topog- 
r^iphy of the earth's surface or in its nature so far as ability to ab¬ 
sorb and radiate heat is concerned. The varbtion in the intenrity 
of insolation during the tw^eoiy-four-hour period also gives rise to 
a convective system which is of especial interest to the aeronaut. 
Figs, 19 and 20 show the temperature distribution up to the three- 
kilometer kvd accompanying the diumaJ convective system, as it 
has been observed at Mount Weather on clear days. Fig, ig is 
based on data for the summer half of the year and Fig. 20 for the 
winter half. The horijEontal dreuiation that obtains in this convec¬ 
tive system is not often in direct evidence. It usually manifests 
itseif as a modification in the direction and speed of the wind pre¬ 
vailing at the time and need not now be further considered. The 
height to which turbulence in the air, caused by the heating of the 
earth^s surface during the day, extends and the time of greatest ac- 
tivsly in this stratum arc shown to be, on the average, between 1.5 
and 2 kilometers above sea level in the summer monthst, between 
I and T,s kilometers in the winter months. The height of the ob¬ 
serving station on the Blue Ridge was 526 meters above sea level. 
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the sLition being^ 300 meters higher than the floors o£ the valleys 
on either side q{ the Ridge, Aerial navigation in this turbulent 
region is considerably more difEeuU than it wotdd be outside the 
limits of the region. 




Fig. 17. Temperature diitribulion iti obsert ed at Mount Weather. 
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Fig. 22. Record of wind speed and force by pre^iure lube anematneter. 


F|£^ tS. Temperature distribution in lows observed at Mount Weather. 

The gusliness of the wind is also a source of some difficulty to 
the aeronaut. This is especially tnie of surface winds because here 
the gusts tollow each other at shorter and less regular intervals than 
do those occurring in winds at the higher levels. Each gust con- 
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Fig. i&. Dlyrn^J dLitHbutloii of icmpcratur-e fcjt the £uiiientr half of ihi: 
ye^ur it dilTcrcnt Icvcis above ^fou^t Weather* 
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at diEcrent IcvcU above Hount: Weather. 
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Ftc. ai. Rdatioft between lofce. pressure and direction in wind gusts, 

sidered separately is a complete convective tmil in which occur ap* 
propriate changes in air pressure, temperature and tn speed and di- 
rcc^on of movement. Fig. 21 illustrates a series of changes in wind 
speed with accompanying changes in wind direction and air pressure. 
Fig. 22 (see page S07) is a part of a record made by a pressure 
tube anemometer showing frequency and amplitude of gusts as they 
occur in the average westerly wind. The accelcratton in the hori- 
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zontal component of the wind speed shown is about ys ceJitimeters 
per second. It would require a horizontal acedemtion of 17 to 20 
times this amount to sustain a bird or a well -constructed glider in 
soaring flight, but together with the changes in direction in the 
horizonal plane recorded hy our instruments, vertical changes in 
direction occur in these gusts which are really only a series of ex- 
pansions and contractions in the moving air. 

When the air expands and contracts with sufficient rapidity, the 
vibrations become audible. The use of tliese vibrations and pos^ 
sibly of aerial vibrations of still higher frequency in detecting the 
presence of aircraft or as a means of communication between air¬ 
craft or to receiving stations is outside the scope of this paper. 

The subject of atmospheric electricity and possibly closely con¬ 
nected with it the loading of aircraft with liquid or solid H ,0 are 
also matters of interest to the aeronaut. So far not much has been 
done toward the solution of the problems arising from these atmos¬ 
pheric conditions. It is likely that the solid formations, both crys¬ 
talline and amorphous, occur more readily, if not altogether, on 
electrically charged surfaces. 

U, S. VVeatbek Buieav, 

WASHIKmON, D. C 
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THEORY OF AN AEROPLANE ENCOUNTERING 
GUSTS. IL 

By EDWIN BIDTATiLL WILSON, 

1. Thi& discuisaSoa is an immediate cemtinuAtion of my previous 
treatment of the subject published in the First Annual Report of 
the National Advisor)' Committee for Aeronautics* WaBhington^ 
1915^ pp. 5^75 (Senate Document, 268, 64th Congress^ ist Session, 
reference to which will be by pages). The uoiatbns of that work 
will be continued without change except as hereafter noted. 

Periodic Loncitudinai. Gusts, 

2, That there is a certain d^ree of periodidty in gusts is obvious 
from casual observation, from the records of scientific observatones 
like Blue HilL and from the familiar fact that all such phenomena 
in nature reveal a general tendency toward periodicity. Needless to 
say the periodicity is not matlicmatic^ly exact in its r^ulari^ nor 
indefinite in continuance. 

The object. hoTvever, of an investigation of the effect of periodic 
gusts on an aeroplane can for practical puqjoses be no other than 
to reveaJ any exceptional effects that periodic* as compared with 
single, gusts may have upon the flight of the machine; and these 
exceptional effects will probably be indicated with sufficient practical 
completeness by an analysis built on the assumption of strict 
periodicity* long continued in operation—die phenoitscnon most to be 
feared being resonauce, 

3, The longitudinal gusts are in* t°, head-on velocity u^i 2“^ 
vertical velocity ; 3"^, rotary velocily f j. Very little is known 3S 
to the nature of rotary gusts (p. 65) and hence 3^ may be left aside. 
It is not easy to see how vertical gusts can have any pronounced 
periodicity - the disturbance of the aenoplane's niotioii by vertical 
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gusts is {p. <54)- except for very sharp gusts, essentially a convection 
of the machine with and by the gust; for both these reasons 2’ may 
be discarded. This leaves only i"—periodicity in the head^m 
gustiness—as likely to be of interest. 

The gust may he assumed in the fonn 

«,=/sin pt or (t) 

The differential equations arc (p. 59) 

f{D)u =^(o.i?SD^ + i.i6oZ)" -|~3 3as^ + 0 9i7)<‘.- 

/{i?)w=—Z?=(t>,557i> + 2.458) w., (2> 

f(D) $ o.0285iZ7(fi, 

with f{D) =D* + 849^?" + n- 5 ^ + 3-3850 -f- 0.917 

= { D ^ + 8.359i> + 23-37 ) + o- 1308D + 0.03924). 

4, In the previous investigation it was found that the short- 
period heavily damped oscillation was not of much significance 
except in the case of a sharp up-gust (pp. 62-69)j and that its 
s^nificance in that case was not revealed in the major motion of the 
machine but in the initial acceleration {or stress) upon it. It may 
therefore be expected that for periodic head-on gusts the short- 
period motion w'ill be negligible in its effects. It is consequently 
desirable to carry out the nutnerical analysis in such a way as to 
separate, so far as may bo, the short and long natural periods of 
the machine. 

Let us separate into partial fractions the operator 

_j_ __ } _ _ 

f{D) “ ( 15 * + 8.3590 + 23,37) + O.I3o8I> + 0.03924) ■ 

or 

I 0,01617 + 0.089 _ — 0.01601P + 0.04^63 . 

/(^ “ D * + 8 r 359/5 +"23.3? IT* + o.i 30 «Z 5 '+ 0.03924' 

The first fraction has to do with the short, the second with the long 
oscillation. The two operators are to be applied to certain ex¬ 
pressions derived from (i) by substitution in (2). 

5. If the numerators of ( 3 ) Itave the respective magni¬ 

tudes 

C0.089* + o.oi6*p*)'f’ and (0.0426- + 0.016*#*)'/*. 
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For p=o, the second is about half the first; for p^oa, the two 
are equal; the numerators therefore do not differ greatly in magui* 
tude for any value of p. 

The ratio of the denominators is 


R 


f . 03^24 — + . 131 >S >" i'> 

(^3 3 " " P^* + 8-329^^** J ’ 


and is very small when p is less than i. For larger values of we 
have approximately 


t/R- =* I + 33^/^* + 543/^*. 


Hence the short oscillations may be n^lected when p < i without 
introducing much error; but as p increases beyond the value 1, the 
importance of the short oscillation grows rapidly, 

6. Consider first the case p < l, neglecting the short oscillation. 
The particular solutions for if, w, and 9 , that is, /*, are ob¬ 

tained from the imaginary parts of 




/ 


w 

J 

9 



— .01601^ + -04363 
— + Ayi&pi + ,03924 

_ — A>i 6 oipi + ^04363 

“ + .1308#^ + -039^4 


(.12&p^f + I.lfipi* “ 3.383^1 
(• 557 ^^ + 


— .oi6otp« -I- .04263 

— p + AioSpi 4 - .03934 




( 4 ) 


To estimate the value of ^ corresponding to the maximum dis¬ 
turbance wc may examine the amplitude of 0/J, which is 



= .0285 Ip 


(■ota&a)* + (otfi p)* I* 
(-03924^*)*+C^ 3 fl 8 >)«J ' 


( 5 ) 


The calculation gives ^*5=0.0394 or p=0.1985, The value of the 
amplitude is then about 0.0095/ radians or 0.54/ degrees. If / 
should be 20 ft./sec., the forced oscillation ivould have an amplitude 
of about IQ*. 

7. As the use of p=0,1985 in calculating is somewhat more 
complicated than the use of p = 0.2, and as the change from 0.1985 
to 0.2 does not materially alter the amplitude of the forced oscilla¬ 
tion (and probably does not exceed the error of observations), we 
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may use ^ = 0.2 in calctJatmg the efFect of a periodic gust of 
maximum resonance on the aeroplane. We shall first note that 
for ^ = 0.2 the ratio of the amplitudes of the two fractions in (3) 
is of the order 400 to 1, and the first fraction is therefore entirely 
negligible in determining the particular integrals. 

For the second fraction we have the complect value 

4.^63 - .331 (4.375, - 4 - 3 “) A 375 

3,616* — JO76 “ (2.617, / 

where the parentheses contain the polar coordinates of the complex 
numbers. The expressions into which this is multiplied to determine 
the coefficients of are for u/I, v//J, e/J respectively 

—0.933 —0.6761 ={i. 1 44 i 316.24'’ 

0.0983 + 00043^’= (-09S4, 3.67*), 

—0.00571= CJ»S7« — so')- 
Hence the values of «/ 7 , vf/J, S// are 
«//= (—.965 + 1.651) (cos + f sin ^Of 
wiJ= ( — .0091S — . 1641) (cos. . 2 t 4*1 *^ 0 . 

fl//=( — .0094S 4-.00098*) (cos . 3 t + i sin . 31 ), 

and /„ = / ( 1,65 cos .2t — .965 sin . 3 f ) • 

/,=/(—.164 cos sf — .0092 sin . 30 * 

/',=y(.0009S cos .3^— ,00948 sin at ), 

7^'=/( — JOQ19 cos .3 /—.0003 sin .2f), 

/,, = i.65/, /„,=*=-. 164/, /„ = .0009&/. /',,=— .00197. 

8. On substituting these values to find the constants of integra¬ 
tion (p. 61), it is found that A and C, corresponding to the short 
oscillation in u, are negli^ble. Also B=‘ — 1,65/, £) = , 736 /. 
Hence 

M=!/^-**m(—1.65 cos .iSyf 4" -"26 sin ,1870 

4-/(i.6s cos at — -.965 sin , 3 /). 

In like manner (p. 62), A' and C' are small and fl' = .i 767 , D' 

=—,051/. 
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a'=cos .187? —.051: sin .1870 

—/(.i64 cos jI-|-,oo9 sin .2I) — cos 2431. 

(The last term is added as a check on the initial condition w=o,) 
Finally (p. 62), ^" = .00007/, fl" = .00104/, Z>" = .Oioty, and 

—.00104 cos .187#+ .0109 sin .iSyf) 

+ J (.ooogS cos .2t — .<x 394 B sin .2t) -J- .00007/?^^' cos 2431. 

9. Now to find the rise of the machine when the gust strikes it 
(p. 64). 

= cos *iS7t+ i.2aS sin .187/) 

— /(.051 cos ,2f-h 1J364 sin .2#), 
The cosine terms may be omitted. The integration then gives 

.21 + 0,44/—/e'-**”'(2 sin .187/+ 5,76 cos .iS/t). 
A table of values of s may be computed as t 

^ — 2, 4. 6, 8, 10, 12, 14, 

V.f = o, q. —.IS, —.54 —1.16. —190, —2.60, —2,97. 

This shows the rise or drop, according as / is negative or posi¬ 
tive, during the first quarter minute. The values of j now fall off. 
pass through o, and only become large as t nears 35, The natural 
oscillation is then becoming less effective relative to the forced 
oscillation which has a double amplitude of about 10.6/, or 202 ft. 
if /^20 ft./sec. 

As the existence of a regular periodic gust for any long time is 
almost unbelievable, the only real interest in the calculation is in 
showing that during the first 15 seconds the effect of resonance fails 
to become so far established that the motion differs appreciably from 
that due to the simple head-on gust previously studied (p. 74), 

to. In the case of the machine constrained to remain horirental 
during flight (by some automatic steering device), the corresponding 
equations (p. 69) are for «,=/f‘*’' 

« ^ _ .i2Spj + .59a _ 

/ .59S-p?+4.o7Spf*^ ' 

■557^' 
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As the natural motion is no longer periodic, there can hardly be 
any such thing as re^onaiice^ in the usual acceptation of that term, 
We can, however^ ask what value of p will make w/J a maTcimum 
and hence induce the maximum oscillation in the vertical motion. 
To maximize 

_ _ _ I __ 

(o98-#**)*+ 4-o7e*J&-' "" 4 078*+(P~ 598^)* 

take />^=o. 598 or ^=0774, The value of w/i is then 
m/J =■— 

and the amplitude of w is 0.136/. The amplitu-de of the oscillation 
corrcspomling to the particular solution /«, is 0.175-^* 

Thus again it is seen that the steering device mates the motion 
far easier than when the machine is free (p^ 70). There seems to 
be no need of carrying out the details of the integration. 

Note on Resonance. 

iIh In defining^ by implicationp a state of resonance in the calcula* 
tions above, I have assumed that it was the angle & which was to be 
maximized by the proper choice of the frequency p o( the applied 
periodic force. It may be well to take up the theory of resonance in 
a little greater detail, for there are complications In the kind of 
system we have here to ccm5ider+ 

A. G. Webster, in his "Dj-namJes of PaTtides, etc,/' Tcubner, 
1904, p. i75p gives general formulas for resonance and shows that 
if the damping coefficients arc small and if the frequency of the im¬ 
pressed force nearly coincides with that of the natural oscillationt 
ihe amplitude of the forced vibration will he relatively lai^e. 

This is not enough. For in the first place, the damping coeffi¬ 
cients in ihc case of the aeroplane can hardly be regarded as small 
(they sometimes exceed the frequencies); in the second place, we arc 
not even certain that the motion of the s>'slem is wholly oscillatory 
(some of the roots may be real, and even positive if the machine has 
a certain amount of dynamical instability) ; and in the third place, 
under such conditions, the amplitude of the forced oscillation may be 
considerably greater when the frequency of the applied force is 
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materially different from that of the iystem (supposed o^tlatory) 
than vi’hen the system and the force are nearly synchronous. 

12^ The ordinary theory of simple resonance depends on the 
equation 

(/>“* +Ai? + jt)jr=/ sin pL 
The particular soluLion 

IS the imaginary part ot the expression 

^ w — 1?^ + kpi ' 

The amplitude of is the same a$ the modulus of the comple:^ 
value X. The modulus of is 11 that of x is 


amp^ /* = 


33. To make the denominator a mbimum we have merely to 
minimize 

{n^qy -h k% > o. 


We find q = n — necessitating If, then. it >A% the 

maximum amplitude of is 


max^ smp. It = 


i ft 


J 


where the positive or negative sign must be taken according as k is 
positive or negative* If the maximum amplitude for 

occurs when p^=o and is I/n. 

The amplitude is large when ft or (w^ — is small ; It is very 
lai^e when both conditions are satisfied. The largest possible value 
occurs when ji = |ft* and is I" the applied force 

has an Indefinitely small frequency where the natural oscillation has 
the frequency k/y/iz. The theory of the system here considered is 
given by Webster (op. dt., p. 155). 

14, The case which corresponds to that in which we are in¬ 
terested is where the system starts from rest at the position of 
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equilibrium. The motion is then defined by the equation 
X = ™ V)i — - cos Vh - 

+■ 

Under normal conditions this quantity remains tolerably small 
until the natural motion is nearly damped out or until that motion 
has time to increase greatly > o). Even if the 

equation becomes 

X = cos — cos fkt ) + ^ (te"'*' sin lit — sin 

and the conclusion still holds. 

For the simple system ordinarily treated for resonance the state¬ 
ment that the motion must be only slightly damped and the frequen¬ 
cies of the natural and forced vibrations must be reasonably neat 
together, is therefore amply justified. The result holds even when 
n < in which case the maximum amplitude for It (resonance) 
occurs when o and is J/n, 

IS. The next simplest case is like that which arises in treating 
the constrained longitudinal motion (^=o) of the aeroplane (p. Gg): 

(/) T-ii)« + — ni*i — b = .i 28 , — .t 62 , 

CHHr d)Tt'——cui—dtt’i* d= 3 - 95 ’ 

The natural motion is given by 

A'=-)-(a + d)I> + {fld ~ be) —o. 

and in this case by £)*+ 4,078£) +.598=0. Here the roots are 
both real, viz,, —393 and —0.15, So far as the equation in D is 
concerned we have the case where k is large and n is small. The 
equations for the forced motion are 

a'k=— (of? + 

A'e(f=— {dD 4 - n)itq — fiq. 

The question now arises; What is it that is to be a maximum? 
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For some purposes tt might be the variables ii or u'—for example, 
the whole theory of gusts here given depends on the gust being 
small and producing small effects, and if hy an applied force, the 
values of « or w should become too large, the theory would become 
worthless. Again, if the question had to do with the strain oo the 
machine, the derivatives du/dt and dw/dt would be the essential 
objects of interest, and should be maxitniaed. Finally it might be 
the values ar=/Hd# and s=f'wdt —^thc actual displacements of the 
machine—which we desired to examine. Let us therefore consider 
several problems seriatim. 

i6. Core /.—To maximize n with a head-on gust 

_ _^ip + n _ _ -t 28 t>-p .598 

.598 - p> + 4 098f^ ■ 

The maximum value of 


_ .is8y + .5g8» ^ .i 28 *(^+ 31.83) 

(.598 - + 4.098*^* p* + 15.59P* + .3576 

occurs w'hen p* is 0, that is, "resonance" occurs for P=o, the 
amplitude of the force and the oscillation bung the same. 

Core 2.—To maximize w with a head gust. 

This was treated above {§ 10), The ratio .136 was founds the 
required value of p was .776. 

Case 3.—To maximize 11 with an up-gust Wj. 

„ =__e***. 

.S98-p*+4.098pt^ ■ 

The ccmdhLoii b p=^ .77G as Is Case s; the ratio is -04. 

Case 4 ,—To maximi:^ lu with an up-gu^t. 


w = ~ 

The maximum value of 


_ 3 - 95 /^ + ^ 59 ^ 

■ 59 S-> + 4 . 0 <) 8 ^‘* 




. 1 - 95 ^ + .59S" ^ 395 *(f^ + . 0238 ) 

(.598 - P ^}* + 4 - 0 <) 8 *P* P * + 1 + .3576 

occurs when p*=^.tM2 and p=!.i5, and the amplitude ratio is 
about I, 
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\Vt note tlie vcrj* different values of p thus found,nameJy, 0,0.15, 
0,776, according to the choice of case. Jf in Case i, we had taken 
^ = *^5 p the ampHtude ratio would have been about .7 instead of i; 
>f P= 77 ^ had been assumed, the ratio would have been .37 instead 
of t. 

Case 5.—we desired to maximize s we should have had to 
treat 

I im* + - 598 /^ 

i .593 - ^ + 4 .ogSpi ^ * 

which would have given an infinite amplittide ratio for p = Q. 

17. Now if we tnm to the free machine and try lo maximize 
f^dt instead of 6 , we have to maximize 

.04363* + 

(*039^4^ - -t- .I 3 o 8 =P^ 

instead of (jp §6)* The value of p* is about .0307 and of p about 
.t75 instead of .2 a$ before. The amplitude ratio is then only 
slightly in excess (about 4 per cent.) of that previously found-^n 
other words the numerical valuer are such that resonance for ^ and 
for f&dt^ which is the preponderating term in the expression for 
occurs for considerably different vralucs of p, but the effect h about 
the same. This may be regarded as validating our procedure (§6) 
in maximizing B instead of fBdt 

18. To sum up lids discussion of resonance as applied to the 
aeroplane we may say that the frequencies which produce “reso¬ 
nance ” depend largely upon the quantity in which the effect of reso¬ 
nance is to be sought and that the frequency which makes for a 
strong resonant effect in one quantity may make on another an effect 
much weaker than the maximum—or it may not. 

19. There remains to discuss ihe question wdiciher the effect of 
resonance is practicaliy serious, L whether as in the case of the 
motion of the machine^ above treated* the effect fails to make itself 
felt until alter so long a time that the pilot w'ouid be entirely able to 
deal with it or the wHnd w^ould really have in all probability ceased 
to be periodic with the period required* 

Now in order lo insure that resonance is effective both of itself 
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and as against the naiuraJ motion, we should reasonably expect lo 
require, i“, that the resonant frequency be large (tor if it be small 
the pilot wiU have ample time to take care of il), and that* it be 
reasonably different from any natural frequency which is only 
slightly damped (for in the latter ease the inttbl conditions will 
probably be such as to cause the natural and forced effects to clash 
for a considerable Interval of time). 

This problem in its generality is so complicated that 1 have as yet 
been unable to determine whether there may be practically serious 
effects due to resonance, but from the cases I have here treated, from 
the general considerations which 1 have advanced, with due regard 
to the restrictions on f which appear to be reasonable, and from cases 
which 1 have examined without mentioning them here, I should 
judge that resonance is not a practically serious matter in longi¬ 
tudinal motion, and that we may safely confine our attention to gusts 
of the fonn / (t — , 

20. One U'pe of resonance which deserves consideration is that 
of the damped hannonic gust sin pt. It would be conjectured 
that if —pi were nearly equal to a pair of roots of A=o* there 
might arise a considerable disturbance. It is not likely that a gust 
of this type would exist in reality, hut the commencement of any 
gust might resemble very closely the commencement of such a gnsi 
and if the effect of this type were ver>' marked as compared to that 
of the types already considered, it would be necessary, for the sake 
of foreseeing the worst that could happen, to discuss this type. 

I have nqt tinie to take the matter up here. Moreover, I imagine 
that it would be found that the constants of integration turued out 
to have such values that tite gust^ though tuned in damping and in 
frequency to the natural motion of the machine, did not have very 
large effects except in cases where n and p were small enough to 
allow the pilot easily to correct for the disturbance. 

The damped periodic gust has been treated by Brodetsky/ who 
finds the amplitude of the particular solution is a maximum (for the 
machine I am dealing with) tvhen i6 sec. and is then a tolerably 
large quantity,-—but the pilot has a quarter of a minute in which to 
react to his environment. It is, however, by no means certain that 

^ /fibrndl^ X^fidon^ so, 154. 
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the pilot would have to reoct so quickly—the cons Louts of Integra- 
tign might turn out, as I have just suggested, such that the motinn 
during the first quarter minute was not far different from that in 
the case of the simple gust. This was what was found to happen in 
the case of the periodic gust above treated (§ 9}. The amplitudie of 
the vertical motion so far as the particular solution was concerned 
turned out to be about 5.37, but the constants of integration were 
such as to postpone the major effect of the particular solution until 
30 or 40 seconds had elapsed. If we have a damped harmonic gust 
and such a postponement were operative, the damping would become 
effective and the gust might turn out to have at no rime an effect 
much in excess of the maximum effect of a single gust of the form 

/(I —c-' 3 . 

Infinitely Sharf Gusts, 

21, In my previous paper I discussed gusts /(i—jr''') rising 
from zero to / with various degrees of sharpness depending on the 
value of r—the larger r, the sharper the gust. An infinitely sharp 
gust would be one for which r tvas indefinitely large. Such a gust 
would represent an absolute discontinuity In the velocity of the wind. 
This is impossible, though it represents a state of aerial motion 
which may he nearly approached. Moreover, the infinitely sharp 
gust could not strike the machine all over at once, and hence the 
theoretical effect of such a gust on the assumption that the machine 
is instantaneously immersed must differ from the actual effect upon 
a machine running into a discoutinulty in the wind velocity. 

For this reason one may well limit his considerations to finite 
gusts w'ith a value of r not greater than 5, say, as I did. Neverthe¬ 
less if the calculation of the effect of an infinitely sharp gust is 
simpler than for a finite gust and if the limiting motion derived for 
such a gust is not appreciably different from that for a sharp gust 
of reasonable sharpness, the discussion o£ the limiting case will he 
justified. 

22, Consider first the longitudinal motion and a head-on gust 
K^ = /(t — r enormously Targe. According to the symbolic 
method ZJsss^—f must be substituted to find the particular solution 
for Ai, however, A is of the fourth degree in D and all the 
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polynomials upon the right liand are of degree 3 or less^ the result 
of the substitution is easy to find- 
For example, when 


/.//=_f-i(.5S7/r), 

/,// =—^^*(,02851/^*) =Ot 
I*t/J= ,02851/r*) =0. 



The equations of motion are 
K/y=r^i»'( ,0009 cos 243^-j*.oo33 sin 2.43f) 

+ f ““"(-999l cos .187/ — -3577 sin *187/) — 1 — 

(.1066 cos 243f—,0*35 sin 243O 
+ «'"*♦*(—.1066 cos .1871 + .0352 sin -187/) — c^'{-5S7/»'). 
.0403 cos 2.431 — .0278 sin 2.43O 


+ ^■'•**♦'{,0402 cos .187^—.6683 sin .1870* 


The calculation of the constants of integration is much simpHRcfl. 
The terms c^*/r are retained because the stresses ( forces) due to 
the gust are calculated from du/dt .and dwfdt to which these terms 
make an initial contribution—^thcrc is an instantaneous initial stress. 
When f=0, 

du/dt = (.128— .004 — .008 — .083 — .067)/=— .Ot6/, 

dw/dl = (.557 — .446— . to6 + .o<7 + .006)/ ^ .018/. 

These are the initial accelerations and should vanish because the 
gust though infinitely sharp begins at aero. That they do not 
vanish is due to an accumulation of errors. 

23. Immediately after the initial instant, however, the first terms, 
vi*., .128 and .557, being multiplied by vanish. The other terms, 
however, being multiplied by comparatively slow changing func- 
liotis arc not altered. IIcocc immediately after the first instant 
there are accelerations —.128/ and —.557/ along the jr and s axes 
respectively. 
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To put It another way, there is a disecntiniiity bi the stress at the 
initial instant—as might be expected. The amounts of the discon-* 
tinuilies are aJso just what might be expected* vii., XJ and ZJ. 
In like manner for an up-gust the initial discontinuities in accelera¬ 
tion are XitJ and Z^J along the x and z axes. These results could 
have been foreseen from the dtlTercntial equations themselves as 
well as from " common sense." The path in space is not materially 
different for an infinitely sharp gust from what it is for a reason¬ 
ably sharp gust. 

It may therefore be said that a tolerably good idea of what 
happens for sharp gusts may be had from the consTderation of 
infinitely sharp gusts. 

24. It has just been stated that the conclusions concerning the 
initial accelerations may be foreseen from the differential equations. 
This may be proved as follows : We have 

( ^ ^ Xm ) w X ■ - Xi^ — g& = Xb w I H” X 

^ ZmU + (D — Z^}w — U)g—ZwUi ZbiWi + 

(6) 

— MbU Muti/ + {k^~D — Mq}q=Mi^Ui + Aflolt/j "h 

DG — g=o, 

where the equations have been reduced to four involving onlv the 
first derivatives of the four variables w, q, with the inidal condi¬ 
tions ii = sy=g = < 3 ^ 0 , by the device of choosing q = DB as an 
independent variable so as to elimSnato the second derivatives. 

These equations determine the first derivatives at the initial 
instant or at any instant in terms of the values of the variables at 
that instant^ namely, 

Dti = XbII -J- XwW -h + XbII| -|- 

Dw=ZuU ri- Z«.4y -|- Z^q + + ZmUi -h Z*w, 

+ Mqq + MuUi + MvrtVi + 

DB=q. 

At the initial instant g, & vanish, 

AHBIL. rHli. 50C.P VOIU tvt, Vj, JUNK 2fj I9I7, 


(7) 
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With an infinitely sharp gust u,. may be considered as not 

vanishing but as starting at finite values, /,p Jism The dtrivatives 
are then at the initial instant 

Du A m/i* ^ IP d“ XJ 

Z)ie= Zn /m d” w "h g# 

CS) 

De=o- 

The first two equations give the X and Z accrferaiions of the irm- 
chine which determine the stresses as the accelerations tjmes the 
mass. 

We have^ for numerical values, 

Ow .ISS/mi d“d" 

i?w=“.557-^ii —3 95^ir + <^vt if Zfl=o, 

34JD^y=o/iid- 1-747* —if M.=o. 

The last equation detcrtnincs the couple tending to break the ma¬ 
chine, by bending in the x-^?-plane. on tnu I ttpli cation by tlie mass jin 
25. That which I have called an infinitely sharp gust is not an 
impulsive gust. The implusive gust is both infinitely sharp and 
infinitely intense, but endures for Only an infinitesimat time. The 
effect of an impulsive gust is to produce instantaneous changes in 
% %•, Such an impulse, like the impulses of ordinary mechanics, 
puts an infinite strain on the machine for an infinitesimal time, and 
the only way to tell whether the machine will stand the strain is to 
take the yielding of the framework into account—it is a problem 
in elasticity^ For the pur;KJse of calculating the stresses produced 
by gusts on the machine 1 therefore prefer the sharp gust to the 
impulsive gust. 

For the purpose of treating the i^iioftoii of the machine after the 
gust strikes it—the gust being now a sudden fierce squall in other¬ 
wise still air—we have merely to determine the constants of integra¬ 
tion from the initial condition w'n^ and ^=0, where Wq, 
are the impulsively generated vetorities. These equations are 
(P^ 
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Ufl 

=—404/4 H- 34.5C— .lOsSJ? + .0025871)^ 

. ( 9 ^ 

o~ — *I3M — .0946(7 + .002478B + .005799/), 

= .703^4 + .205C—.00J246D + ,000084/?. 

Analytically tht tffect of the impulsive gust upon the equations 
for determining the constants of integration is merely to replace the 
initial values of the particular solutions obtained 

on the hypothesis of finite gusts, by tJie respective x^alucs — 

—The effect of the disttirbauee may therefore be 
calculated at once from my equations (23), (24), (25), (26)^ as 
soon as ihe values have been determined. 

26. In the calculation of h^, the same doubt arises as in 

the theory of any very sharp gust^ namely, the effect of the partial 
immersion of the machine. Is the effect of a bloiv traveling along a 
mechanbm the same as that of the blow applied instantaneously at 
all points of the mechanism? The possibility of a difference be¬ 
tween the insitantaneous immersion and the immersion distributed in 
time would arise only if, t®, the macliine had time enough to change 
its orieutation appreciably or^ 2®, the acquired velocities were suffi¬ 
cient to change the relative wind and thus affect considerably the 
impulsive pressure. 

Even if we assume that no material difference in effect is to be 
expected* it i$ difficult to make the proper assumptions to lead to 
reasonably satisfactory values for Hp, for any actual machine 

whose characteristics are expressed in terms of the mechanical 
coefficients fu* and the aerodynamical coefficients X^. 

Zu, Zq, Mwt It IS by jiQ means certain that for a cou- 
siderable aerial disturbance the finite instantaneous changes in w, 
q can be catculated from the equations (S) by replacing D by the 
sign A for the increment mid taking as the intensities of 

the impulsive gusts ^ for the nine coefficients Xm, elCjn with the 
intensity of the relative tvind. 

It is for this reason that f have used finite gusts of various 
degrees of sliarpness instead of impubive gusts. Moreover, It is 
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not certain but the finite gust represents more nearly actual coudi- 
tions in the air when flying is at all possible. 

An article by Brodetsky, with an introduction by has re- 

cently reached this country/ in which impulsive gu^ts arc considered, 
relative to Biyau^s skdeton aeroplane consisting of a forward main 
plane and rear tail plane, llie discussion is both interesting and 
important as h every'thing to which the great pioneer in this 

subject, ^ets liis name, but it does not seem to help me, so far as 1 
have yet been able to examine it* in ri^rd to the effect of an im¬ 
pulsive gust upon a machine whose properties are actually dc- 
termined in the wind tunnel. I have therefore decided to let stand 
the brief general considerations above. 

The Action of the Air Schew. 

27. In the work to this pointy I bave made for the diseitssion o£ 
gusts the same assumption concerning the action of the propeller 
that Hunsakcr, Bairstow, and others have made for discussions of 
stability^ namely^ that under varying conditions the motor speeds up 
or slow s down so as to deliver a constant thrust along the jv-axis. 

It w'ould be equally reasonable, from some points of view more 
reasonable* to assume that under changing condJttons of relative air 
velocity a motor speeds up or sto’ivs dowm so as to deliver the same 
effective horsepower. We should then have the power P equal to 
the thrust H (taken positi%*e) inultiplied by the velocity — U: 

^lfU~ - iU + dlDiU+u), 

UdH + uH 0, 

(io) 

This is an additional force vrhich Is directed along the X-axia if 
the propeller shaft is horbonlal for the velocity of flight —C/. If 
in the standard condition the shaft ts not horizontal there would be 
components 

— +P—sinar 

^ i^frondirfriTiar/^ifrhdr^ Lendeti, ae, 1916, 139-156, 
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aloiig the and ^ axes, a being the angle from the hDiizontal tip to 
the direction of the shaft. Furthermore if tlie shaft did not pass 
through the center of gravity there would be a pitching moment 
—Fhu/U* if k i$ the distance of the line of the shaft above the 
center of gravity. 

28. The equations for the natural longitudinal motion would 
then be 

^ I> - Z, + » - Jf-w - (X^D + - o. (u) 

(he other two equations remaining unchanged^ if \ve assume for 
simplicity that a = ft=o. The effect of the varying thrust is to 
change to Xm — Pg/ntU*^ We have the value Xb=~.! 28 for 
this machine. If the effective propeller horsepower were S7 for 
U =— 115.5^ the value Fg/mU^ is 

^ ^7X5 50X3 ^ ^ 
m[P “ iSoo X 13350 ^ 

The modification of the equations of motion on replacing Xm 
=—.120 by Xs= —.191 would make an appreciable, though not 
very serious change* 

The determinant ^ would become 

34i?^ + 290,8£?" + 850.9/)^ + i6s-iD 4- 31.18 

= 34 (£>'' + 8 - 5530 * + 25-030* + 4-856O + .917) 

as compared with 

34(D* + S49o£>" + + 3 3^3^^ + 9 ^ 7 )^ 

The rapidly damped oscillation would, as a first approximation, be 
^ 4.276 ^2.596* instead of —424S ± 2.3451. 

The first approximation for the small root w’ould be 
— .097^.1771 instead of —.069^*1811, 

The damping would be more pronounced and the osdUatiou a trifle 
faster. 

29. It may be concluded that whether the screw is supposed to 





230 SYMPOSIUM ON AERONAUTICS, 

deliver a constant thrust or a constant power is not verj- important 
to the theory either of stability or of gusts. It is not unlikely that 
the actual behavior of the screw lies within the limits set by these 
two assumptions or sufficieritly near to one of the limits to validate 
the use of cither hy^thesis. 

Tb^ AcronaHticol Jmmol, London, ao* 19161 p. 14^, quotes 
Bairstow and Fage as giving the formula 

dH^ — miHdV^ V in miles per hour, 
which is dH— —.ooyjf/dF, F in feet per second. 

With [7=115.5 numerically we tvould have for constant powrer 
dH= —,oci866/fdF^ V m feet per second, 

and, if 1 understand correctly the use of the signs + and — in the 
quotation, the results ate In as good agreement as could be expected 
m view of the fact that I have no knowledge of the value of U 
for which the data quoted are given* (If the motor and screw were 
exactly designed to give a maximum efficiency at a standard speed 
Uf we could not expect the efficiency to be the same at relative air 
speeds either higher nr lowers and this would slightly influence the 
result.) 

Equations for Lateral Motion. 

30. The differential equations for the lateral motion of a machine 
in a gust may be written as (p. 54) t 

dv/dt + p* + Ur— Y,p— Yrf = Y^, + Y,p, + Y^r,, 

dp^di —“ jLppC i 

C/iJi. dr/dt—NiV — N^p—Nrr=^Ni:Vi + 

where the terms involving the small unknow'n product of inertia E 
have been neglected and gusts of the type have been 

allowed. 

The gust corresponds to a side wind. A change in the dircc^ 
6on of the wind by a small angle would produce such a gust even 
in absence of any change in the wind velocity. The gust is a 
rotary gust tending to produce a bank; as a disturbance in the air 
it would correspond to a horizontal roller run into end-on (axially)* 
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The gust corresponds lo a column of air rotatix^ about a vertical 
line. 

This last is a common type of aerial disturbance, easily observed 
on a warm dav^ often of very small diameter compared w ith the 
spread of the wings of an aerophne, and accompanied by a strong 
rising current of air. Such a vertica] vortex, if small, might strike 
one w'ing of the machine alone, and, due to the rising current, heel 
it over suddenly. It is, however, not this small local disturbance 
which we can consider by our methods here, but the larger and more 
gentle rotation iu the air which might immerse the whole rnwhine 
many times over and which produces a yawing motion m the 
machine rather than (primarily) a roll or bank. 

3t. Place D=d/dt. Then the equations are 


—i.*ir+ (kj^D — Lf) ir#— LTr==Ltt^i-\-Lfip 113 ) 


where kj^^A/m and C/us- -The determinant whose vanish¬ 

ing determines the natural motion is 


A = 


zt-F. g-yj> 

-N, 


u-y. I 

-L, I. 


Let the cofactors of A he 


- iV„0 


kc^D - Nr 


= 239^iP + + 647 ®^* 


5i* — 


4,1 = 


4 it = 


I — Itr ” P** I 

-Lr 

i - Nr ~ ! 

-NrJ> kc*D-Nr\ 

g-y,D U-Yr 


- 59-55^ ” 26.55. 

B — 32.S4I?® — aSo.yf?, 


=s — 2270O — &6S.S, 


{js — 


W-Yr 

! -Nr 


U-Yr 
kc*D - Nr 


= 70.6ZP + 44SJ3 + i 09-9 t 


ijt 


' -A\ 

D-Yr 


- N^D I 

g-Y^' 


28.76. 
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k/D’ -LfD -U 


4 ^ 45 ^ + 3^370^^ - 1776. 




U-Y, 

-Lr 


D-Y, 

-U 


= + 11 


D-Y. g~Y^ 

- L, kJD^ - LfD 


36. 7 Z>>+33 J. 11?= + 7 T^.saz?+27.15, 


where the numerical values arc those arising from the data de^ 
termined for the Curtiss Tractor (which is the machine under in¬ 
vestigation) by Dr, J. C. Hunsaker as given on page 78 of his paper, 
“ Dynamical Stability* of Aeroplanes," Smithsonian Misc. Collect,, 
Washington, Vol. 62, No, 5, pp, r-78, 1916, namely, 

Ki,——0.348, Yw=o, K,=o, 

Li,=+ 0.844, l^F —— 314. L,=r + 5S.2, 

= -0.894, ATr^ —37,0, 

*^* = 3 ^ 7 +- *f*=70.6—, 17 =—115,5, S~32 i7< 

The value of 6. is then (D — + US,, or 


A=2592D* + 237800* + 18000O* + 34S10O — 854. 

This result checks with Hunsaker’s (loc, dt., pw 78) as well as prob¬ 
able. The equation A=o may be - written as 


D * + 9,1720* + 6.943O’ + 13-35^—0-3295 ”0. 

32. From the last two terms, one root is indicatecl as D 
= 0,02468 ; and the correction can readily be found, givbg 

0=0,02436. 

There is another root near D=“8,5, the exact value being 

D = — 8.542. 

The other factor of the biquadratic equation is 
D * + 0.6537D + T.583 = 0, 
of which the roots are 


—0.3268 ± t.2I5(. 





WILSON—AEROPLAJIE ENCOUNTERING GUSTS. 233 

The complementary functions for ii, and r are therefore of the 
form 

V = cos 

+ C„ sin 1.215O1 

4 -+ <?-'**« f(C„ cos 1.215^ 

+ C,4 sin 1.215O, 

r==C„e-"“”* 4 'C’„e'' ’'«* + c- **'**(C„ cos 1.215! 

4 " sm 1.215!^^ 

The particular integrals for any gust may be represented as Ir. 
fr, and their initial values as !t,> //,. the derivative of /* being 

7'j with the corresponding initial values 

33. If as before (p. 59) we restrict the possible gusts to those of 
which the functional form is different from any of the four func¬ 
tions entering into the complementary functions, the particular solu¬ 
tions must, on substitution, annihilate the right-hand members of 
the differential equations, and the relations between the constants 
Cit of integration may be determined from the two equations 

(D 4“ o.248)v-|- 32, — i 15.5^=0, 

0.894V - 1 - o* (70.6D + 27.o)r=0. 

Hence 

■2724C11 + 3217^-1 — tiS-SC'H=’0. 

.894 + oC„ + 28.72C,, ^ o, 

and 

Cii 8 . 326 Cj;i, Cji -2591 

Further 

8.294^is 4" 32'17^18 * ^ 15 

.894C,, 4" I — S 75 '®'^m ^ 

and 

Cj j 3 ' 797 ^m> Cji •003897^3** 

—‘ .0783c i, 4 't‘ 2 t 3 Q* 4 " 32 '* 7 ^a* — 'S^rt ~ 

— 1,21 sCu — .078SC, ( 4 - 32-* 7Cli — 11 S'S^M — o. 


Finally 
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+ 3 ’ 92 C' u + 85 - 74 Ci*=o, 

S 5 - 74 Cij + 3-9^C||, — o, 
and 

C’j4= io4iCi, + S&4"SC„, C„=—6,37i<rj,+ 10.36C,,. 

^i»=— 5^-8£:„+ lOjiC,!, C’jn=*“ io,56Cj,—6.37iC„. 

Thfi solaiions therefore, so far as concerns the complementary 
function, are 

^ ^ + C^r* *«' + r(C^ cos 1*3151 

+ Ci, sin t.3i5t), 

ii^^ 8 , 336 C*,f + 3 . 797 C„<"*^*«' 

"1“ cos 1.215# 

+ lOLttCjJ sin t,2i5f|* 

r=0.3571 + o.ci058g7C„r*‘*“* 

+ 6-371^8,+ 10.56(7,J cos t;2i5# 

— (io.s6C„ + 6.371) sin i.sisfj. 

34 - These equations detcmiine the relative magnitudes of the 
various sorts of natural motion. 

The first term is the slowly amplifying divergence, this machine 
being slightly unstable laterally. If a side gust is such as to induce 
a lateral velocity of —S, 336 Cji, it induces a bank of C„, an eighth 
as much in radians Or seven dmes as much in degrees. It is 
therefore clear that only very small values of C„ are admissible for 
safely. The second term, corresponding to the rapidly damped 
motion, shows such rapid damping that it can hardly be of impor¬ 
tance, except for possible strains on the mechanism, unless C,, is 
so large that the whole work is inapplicable because of the failure 
of the motions to be small. 

The trigonometric terms show that the oscillation in v will be of 
great amplitude compared with that in the factor being about 
1200 when is in radians or 20 when ^ is in degrees; even the 
oscillation in r will be over i3 times as great as in In other 
words, the machine may have a laige oscillatory sidc-sltp or angular 
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velocity of yaw ivitfiout much bank, but for the divergent motion the 
bank 15 n serious matter for even mo^lerate side-slip. 

35. The initial conditions ^Bssp3=!i/=sr=so give 

o=Cii + Ca, + C*j -j- / 

0=. 0243 iSCii ^’t’ ^ “1“ 

8.326C1J + 3 ' 797 ^*it “f" “h ^ 

0= .257iC„ + .oosSpyCji—6.371C-S + lo.s&T** + 

These equations must be solved for the four constants C. 

Cf , =— .9839/ — .ii48/'^o + .qoo74'5/««—.02797/,,, 

C»= — ,000149/*0 + -0000342/tB — .01163/,,, 

Cl*—— .01595/^,—.002153/^^6 ^ .000706/^, + .03967,0, 
C*«=,0l468/*, *{- .001466/'^,—.0004537/,, —.072017,,. 

36. The equations from which the particular solutions are ob¬ 
tained are (since Kp=A/p = Kr = o): 

Av^= (^5^4^ a) -j- Itf&ixpi (£ir£jt -f- r8*i )rj, 

A^= -j- L,^ 2 iPj + ( 7 .r 5 n + iV(^aa)r„ (I4) 

Ar = DStjVi -(- Ls^npi + (LirSu "I" ^ r5o,)ri, 
or 

Ar= (— 640 D*— 9522 /?'' —346100 + 854 ) 1 /, -j- { 7134 D 

• -|-3732) pj—(112560/3= +no47oo0)r„ 
A^ = (“ S9'5S^ — 26.55) + (— 221507?* —13970/) 

— 345 ro) 7 'i + (38957?* + 9707 ? + 3o62)r„ 
Ar={— 32 ^ 14 £) — 280 , 7 ) 0 %, + (— 9030 )^, 

+ t—9920*—8724/3* —21030+S 54 )fi, 

vvidi 

A = 2592/)* -f 23780!?^ + iScxxsZ)® + 346iajD—854, 

Motion in Lateral Gusts, 

37. Wc shall take as before the type for that of a 

single gust 
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CAfe I,- —Side-gust“sharp, —f*"), 

* + ■OT 473 ^’')r U =—.98527/, 

/*“/(— .ooioaS)^^’*, 

/»=/ (.00S706) e"*^ 

Cjj =— .C00384/, C„ = ,0005364/, 

C„= .000809/, C,.= .000^5/. 

The equations of motion are 


/**=—.001028/, 
7^,0= .00514/, 
/#»=.002706/, 


ioDO+//=_. 3 S 4 (r-«***' + .536e-* i.o28f*»« 

+ ^'*****{'809 cos i.2i5f-f'»2445 sin i.2i5(}. 

This is alt negligibly smalt. For the same reason certain terms may 
be neglected in v and r. 

v/J=JOQZe-*-**** + .0Q2f-* «*< — I + .oi473e-''* 

4-f" *“*'(.98 cos 1,215! — .2022 sin 1.215#), 
ioor/;=^,oii.«««i + .2yis^w_(r.*w«(.257 eos 1.215# 

4- 1.009 U15O- 

The effect of the sharp side-gust is to carry the machine side¬ 
ways with it, but not very powerfully at first—much of the air blows 
through the machine—the dominating term at first being 

0 = — .2/r'***“ sin iJiis#; 

after a few seconds the dominating term is *r=—/, with the very 
slowly growing divergent term effective only after a considerable 
time. There is a slight yawing oscillation, but the extreme angle 
of yaiv is only about 0.01/ radians Or J /2 degrees—the angle being 
computed 

loo^/J = jf loor/J-d# ^ ,4(1 - + .054(1^«-»•)-.8316 

+ e-»«<C. 83 i 6 cos i.2t5# + ,oi2a sin 1.2ig#). 
The actual sidewise velocity is compounded of v and the amount 
— 1 15 - 5 ((' to the yaw. Hence 


y 


£ 


(n - tis^si)dt. 
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For this calculation v and ^ may be simplihed to 

p= — I^IS# — .2 sio 1 . 2 I 50 p 
100^= — + cos I. 2 I 50 : 

and 


y=~.36Jt + i) — .146/ 

cos i.2i5t-f .066 sin l.2is0. 

From this it will be seen that the osdllatoiy motion is^ so far as 
concerns the lateral displacement, of very small amplitude. The 
first two terms which are progressive, are the ones which count. 
Moreover, the displacement is of the same sign as / although the 
side-slip v i$ O'f the opposite sign. This apparent contradiction is 
due to the dionge in orientation ^^r — the machine moves away f rom 
the gust owing to the lateral excess wind-pressure, but turns into the 
gust owing to the moment of the pressures, and by virtue of the 
great forward velocity, this turning more than mokes up, in the dis¬ 
placement, for the sidc'Slipping. 


38, Case — Side-gust—mild. Vi=J(i — e"**). 

I + i. 02 O 3 «- **), /»a = .02054 

/^=/(.00Q:f043C-*'), =5.0004043/, 

/'^=/(—.0000809^-='), /^^o=—.ooooSog/, 

/r = /C-.001514^'**), /,o = —.001514/, 

C„=—.00033!/, C,,=.00000738/, Cjjss —.0000807/, 

C„ s=! ,0001055/. 


It is again seen that there is practically no rolling motion pro¬ 
duced by the side-gust. For v and r, 

v//= ,O027r— 1 -{-1,0205^'*' 

-Hr 0244 cos I.21S/-H.1554 sin 1 . 215 O. 

ioor//j=!—.ooSse^”*”'— .1514^-=* 

cos 1*215f-H .0672 sin 1.215I). 

(The check tpso, r=o, when t=o, shows that the accuracy has 
been reduced so that the third place is not Sure.) The effects of 
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the gust are qualitatively as before, iTie oscitbtory molinn is not 
prouounced; the ultimate side-slip velocity is —the ultimate dis¬ 
placement has the same sign as / because the divergent term in 
115^5^ h positive- 

39- CiMf j,—Side-gust—nsdUatory, When one examines the 
records made or tnaking at such an tfeervaiorj' as Blue Hill for 
gustiness in the air, no phenomenon is perhaps more striking than 
the reasonably periodic side-switching uf a reasonably steady ivind, 
A south wind, for exampic, may whip back and forth between 
S.S.E. and S.S.W. for hours at a stretch, as Prof. Almtander 
lIcAdie has been kind enough to show me on some of his records. 
In the absence of rotary motion, coneeming which I am unable to 
find satisfactory data, the simplest way to figure this change in direc¬ 
tion is as a periodic side-gust, A machine going south in such a 
wind would experience an alternating side-gust. (The oscillations 
in the head-on velocity of the wind would he relatively very small 
except for actual changes in head-on velocity superimposed upon the 
changes in direction.) It is therefore especially interesting to dis- 
ctisi a periodic side-gust-—this being the only periodic gust of which 
we can reasonably be said to know anything at all definite. 

Let Vj=^Jc*’‘K We may a,ssumc, from our work above that the 
tolling motion will be small and that the side-slip velocity v will not 
be of as much importance in determining the path as the angle ^ 
coupled with the large forward velocity. The complex value of r is 

_ (£80 -7 " 

2592?* - t8ooop» - S54 + f(i0top - 3J78t>/i^)' 

If at any one place the period of the complete oscillation is ir/n 
with the wind velocity F, the distance traveled by the wind during 
the time of an osctllalion In direction is SjtF/h, and this is the dis¬ 
tance between the nodes of the motion. The time required for this 
machine (t/=—tis s) to P^s over the distance ZvV/n is 
^’‘V/tiS.sn. The periodicity of the gust as it appears to the 
operator of the machine will therefore correspond to the value p 
= tlS.Sw/F. For mstance, if 20 and the time of an oscilla¬ 
tion at one spot were 10 secs, so that 11=0.63, Hie value of p would 
be about ^1 = 3.6, and the osctliations would appear to the pilot as 
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taking place about every ij seccind&. A slower oscillation, L e., a 
longer periodic tirtie^ would diminish n and —an oscillation at one 
spot every half minute corresponds to a value p = i,^ on tlie basis 
of the assumptions made above. 

In considering the values of p which make the amplitude of r 
bige* the only hope is to make the term 346 io^“257So/j® tolerably 
smalb This means must be about 1.5. For this value, the 
modulus of r is about ,03/ and the modulus of the yawing oscillation 
corresponding wdll be about .025/. If a wind of 30 ft./set, is 
w^hipping through an angle of 45*, the side-gust will be only of 
about 7 ft./sec, semi-amplitude and the angle of yaw will be in the 
neighborhood of .175 radians or lo**. There is nothing to indicate 
that this would be fatal, though it would surely be a nuisance. 

Owing to the fact that the coefficients of i in both numerator and 
denominator are relatively smalh the angular velocity Ir would be 
about in phase with the gust and hence the angle would be 
about quartered in phase. IE there w'ere perfodically an angle of 
10® or 12® between the direction of flight and the relative windt we 
should find that we were getting into a region where considerable 
rolling and pitching might be induced—for as Hunsaker has sho\™ 
(loc. cit., p. 62) the lateral and longitudinal motions are not strictly 
independent; bus as the nrtachine makes the major part of the rela¬ 
tive windr the directions of flight and of the relative tvind never 
differ greatly—only some three degrees at most in the case under 
consideration. 

It $eems hardly necessary at this time to go into the calcnktion 
of the actual motion; enough has perhaps been accomplished in 
showing that the oscillation of the direction of the wind induces at 
most a moderate yawing of ihe machine* The semi-amplitude of 
115.51^ w^ould bo^ if /=7 ft./scc,, about 20 ft,; the center of gravity 
of the machine would $%vay back and forth across the line of flight 
with a total Rmplitude of 40 ft.^ until the divergent term became 
effective, 

40. Case —Rolling gust, =/(lIf there were no 
interaction between r, the effect on rolling of a rolling gust 
would be figured from the equation 


2^0 
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3 fi 7 ^P + 314^ = — 3 i 4 /(i - i^'). 


pfj= — 


m&t 


£ 


e* "“'(i - f-O*. 


p/J~^i -®^^ 5 _ -^x«i 

8-055-r S. 0 S 5 -f 

This means that for any ordinary sharp gust p rapidly acquires the 
value — J, and the value —// (radians). It must therefore be 
expected that unless J is ver>^ small indeed, the motion will be much 
disturbed. There will be developed a component of the weight in¬ 
ducing side-slipping, and yawing will rapidly develop—the machine 
apparently goes off on a spiral dive. 

W'c may make the calculations in detail when r== i. Here 

314 —. 114 ^-'. irt=—3-2Sl, 

V^=40-4— l-nr*, ^ 39.3/, 


Ir / f = 10-58— .234e-*, /,,= 10.35/^ 

C„ = .oo 27A Ct.=—J19;, .163/. 

The equations of motion become 


^//=— 39 - 1 ^^“''**' + .003e-'-*«* -f-40.4— i.rir^ 

_l_COS i.2i5(—,163 sin 1.215#), 
v/J = 324e •!«« _t_ ,0103^*-“**' ^ 3.14—.114^' 

+ ^ ““'<^320 cos i. 2 is#-f 49-2 sin #.215#), 

r/P=— loe*"*«t+10.58—.234^t 

4-(r-««r(_.33 cos 1.215#+ 3.35 sin 1.215#), 

In the equation for ^ the effective terms are 

— I) =— f (rearly), 

and there is a steady divergence in to the approximate amount 
—Jt as foreseen. The sideways velocity r/ develops more slowly 
perhaps, but after one second amounts to something like 300/ It 
IS clear that J must be very small or the motion becomes disaslrotLi 
It would be of especial interest to know what sorts of magnitudes ‘ 
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for J arc likdy to arise in flight under normal conditions. In so lar 
as experience shows that machines are not liable to roll and side- 
slip, it is pretty good evidence that a«nal rotary motion with axis 
parallel to the earth is rare and small. 

41. Cfljf 5.^—Yaw'ing gust- = — f'). 


:25,67i-', 

+ • 1 54 ^"', 


= 25,67;, 
^*o=- 075 ^ 


/r// 5 =—I — .i235ir', { r ,=—. i . i2l , 

C„=—.006/, Cji= —.006/, C„=—.o 634 ;> C,* = .0702;, 

In this case the motion is 

if,/J ^—.oo6e — .oo6(r* ~ .0752 -j-. 154^*' 

—_a5^^ c(j3 i, 2 i 5 t + .o 7 oi sin 1.215O, 
v/J = .osc ”** ■+ 25 

—26.3s ™s 1.215#+ 108.9 sin 1.215#), 


r/;=—i — -i23Se-f+r'-“'{1.14s cos ut5# + .222 sin 1.215/). 

For moderate values of /, there is nothing serious indicated. The 
coefficients of the divergent terms are small. There cannot be much 
roll. The most notmvorthy phenomenon Is the large amount of 
side-slip which is fairly rapidly damped out. 

42, This leaves the rolling gust as the only dangerous type of 
lateral gust. 

The infinitely sharp side-gust would produce an initial accelera¬ 
tion YJ. 

CoKSTHAtNii2) Aeroplanes. 

43. Suppose now that by some automatic steering device the aero¬ 
plane were constrained to remain pointing in the same direction, 
I, e., so that r=o identically. The equations of motion become 


(J? — K*)t^+ (g— YpD)i.= Y,v, + Y^p, + 

— Lpv+ (^kj*D -— L),)Z?4'—Trt'i + L,,^^ + Z,ri',, (iS) 
+ Npp, + Nrr^ + F, 

where Fm is the moment necessary to maintain the constraint- The 
last equation may be regarded as determining F. 
moc. AMM, Pirn., sric., vol. lvi, junxio. 1917. 
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The natural motion of the constmned machine is found from the 
determinant 

= 36.7I?* + 3^3 + 77 SSD ^ 27^15=0. 

This is a cubic equation which has no positive root. 

The negative root is — S.54, The quadratic factor remaining 
alter division by 0 4*8-54 

36.7O* + S.746O 4- 3.18=0, 
of which the roots are 

0=—0.1 igdb 0.2694. 

The real part is negative and hence the motion is dynamically stable. 

The introduction of the automatic device has removed the tn- 
stability in the lateral molion. As compared with the complex roots 
in the free motion, these roots indicate a much slower period and a 
considerably smaller damping* 

44, On the other hand suppose that the constraint had been such 
as to keep the machine level, e., identically* The equations 

would have been 

{D — Y^)v+iU — n)r= Y^v, + + K.r,, 

—LvV-—Lrr=L^Vi + Lppj^ 4- Ur^ +F, (16) 

^ N^v 4- —Nr)r=N^v, 4- Npp, + Nrr,. 

The natural motion would have been determined by 
— 8 ;:, = 70 . 60 = + 44 - 5 ^ 4 " 

The roots are 

j[)=_o,3iSi 0.2371. 

The machine is again stable. 

45. It follo^vs that at high speed thU Curtiss Tractor, which is 
laterally unstable when free, becomes quite stable when constrained 
eith<^ to remain on its course or to fly on even keel. 

If stabilizers against rolling flurf turning tvere provided* the 
motion would reduce to 

(D — Y*)v = + Ypp, + Yrr„ ( 17 ) 

and would be stable, D = 7^=1—0.24B. 
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46. It be a relatively easy fnatter to discuss the effect of 

gusts of various ty pes on the aeroplane constrained in various ways; 
tw'o equations arc much easier to handle than three. Until some 
definite problem is proposed as importantj until some particular con¬ 
straining device is indicated a$ lUcdy to be adopted, it may be as wdt 
not to go into the calculations^ which are quite straightforward. 

That a constraint against rolling might be worth w-hilc, and 
would indeed be veiy valuable if rolling gusts were a common thing, 
is suggested by the work done on the free tnachbie (§42) where 
gustiness tvas seen not to be very serious except for the rolling gust. 

DtscussiON OF Method* 

47. 1 pointed out in my earlier paper tliat there were several 
outs about my method of treating gusts* First the gusts must be 
small. If they are not tolerably small, dying would be too difficult-— 
so lhat assumption is not wholly unjustifiable. Seconds the calcula¬ 
tions for determining the individual equations of motion and for 
determining fortnulas for the constants of integration are very' 
tedious. Thirds the numbers are of such various magnitudes that 
the arithmeucal operalions which must be carried out cut dotvn the 
accuracy of the Avork a good deal and indeed 1 unless great care is 
taken, Avill lead to illusory or incorTCCt results. This does not ap¬ 
pear to be due to any very rapid variation of the true results cal¬ 
culated from varying data, but to the mode of computing. 

To offset these inconveniences Ave have the satisfactory result 
that once the preliminary calailations arc made, many and varied 
types of gusts may easily be treated^ and the further valuable result 
that the actual motion for each case i^ known so that not only the 
initial motion is determined, but the whole extent of the motion. 
This last is necessary for any just appreciation of the effects of 
periodic gusU and resonancep has been slioAvn. 

48. For another method of treating gusts reference may be made 

to a recent paper by Brodetsky and Bryan^ “ The Longitudinal Initial 
Motion and Forced Oscillations of a Disturbed Aeroplane,” 
fiauiical I-ondon, ao, 1916, I39^rsf>t which has already 

been cited in the text. 
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Much may be said for their method of c3:pansion in series—for 
some problems the work is decidedly simpler than with my rnethirf. 

It has been my experience, however, that the application of scries 
fo the motion of any aeroplane has its own difficijllies and com¬ 
plicated calculations when the motion is to be followed for any 
reasonable tenglh of time and especially if the machine is defined, 
as I have always preferred to regard it as defined, by the actual 
coefficients determined by wind tunnel experiments rather than as 
Bryan'i skeleton plane consisting of a main front plane plus tail 

plane,_even though the results obtained from such a skeleton may 

be extended to more complicated machines by Bryan's invariant 
method (sec his "Stability in Aviation/' Chap. VI). 

49. The question tJierefore arises whether there may not be 
some way of abridging the calculaticKis leading to the actual motion 
of the machine. Since finishing my work above, I have received the 
ProtfcdijiQS of tho Ipiitlojt Afienf Socitiiyt iSi ^9^/. Pt- 6, 
in which there is an article on '* Normal Coordinates in Dynamical 
Systems,” by T. J. I'A. Bromwich in which he develops a method 
of treating the motions of dynamical systems by means of the theory 
of functions of a complex variable. I wish, in closing, to describe 
the application of Bromwich's work to the problem in hand. 

We have to solve for the longitudinal motion equations of the 


type 

(D — XJ I* — X.W — -h g)»=‘P,e‘^*, 

2,11+ (D —(iS) 


— M.if — M^w + (i/D* — 

where fi is a real or complex number, the values we have used being 
0, _ ^ pi. \Ve substitute 
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where the integrals are loop integrals in the complex plane and 
fC any functions of A, The results are 

^ jT [(X - X.U - X,, ^ (X,X + g)rle"dX = 

jT [- +(x - zjiv - ( 2 . + t;)xr]e^dx = (20) 

^ Jfl- ~ M^n + {ifeA* - = F^\ 

We next set 

(X - x.)t - X^n - ix,h + i)t = PJ(x - f.), 

- Zui + (X - z^h - (z, + c/)xr = Fiii\ - f^), (20 

- Jl/.e - .V.I, + ^ P^(X -1.), 

and solve for {, dndtitg 

P,ii, + P,5.jJ-_P<5„ 

A(X-m) ’ 

Pi^ia + PA: + PAa ^_^ 

’- 

_ PA> "h Pj^ 

A{)v-^) 

^= 34 (A* + S 49 ^" + + 3-385^ + .917)- 

Bromwich shows that, if with these values of f. f wc take the 
loop integrals (19) around s very large circlet the results for w, w, 
0 will be the solutions for the motion disturbed from rest at the 
position of equilibrium by the impressed forces P. As he points 
outf this mtegration h equivalent to the sum of the integrals around 
infinttesiinal circles about A=^ and about each of the roots A of 
A=iO^ that iSj the iutcgral is equal to the sunt of the residues of 
1^^*, There js no need to calculate any constants of in¬ 

tegration. iforeover any of the quantities w, ^ can be obtained 
without the others. The numerators in (, ij^ t are already calculated 
in {20 K of P- S 9 - 
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We have, for example^ for a head gu^t Wi* 

A2S\^+ i.iW + + .917 

' ~ - ^)(X + 4 - 1 ^ ± 2.431) (X + .0654 db .iSyf) 

where the double sign stands for two factors^ and tij—7(1 — 
to take a particular case. The residues at each point are merely 
the values of the fraxiion when one of ilie factors^ the one which 
vanishes at that pointy is thrown out of the denominator. In the 
first case for i =5e^^ we have as residue of : 

at X=/j^=o^ 

_ 517 _. 

{ + 4 < t S d: 2-43*) C.O <)54 ± .1871) 
at X=—4.18— -2431, 

_ . uSX* r.l6X- 4-3.3S5X + -9X7 _’ 

(- 418 + 2430(- 4-86i)(- 4-12 - ± -tS?*!)' 

at A=—4.l84-2.43i, the cOTiJugate miagiuary expn&ssioii. And 
50 on. To treat f' we should have; 
at k=fi— —I, 

- .138 4- t*i& - 3 385 + -917 
C3-I8 ± 243*)(.9345 ± * 187 *) ' 

and so on^ 

As the calculation with imaginancs involving squares, cubes, 
products, and quotients is by no means simple, it is clear that to get 
the solution for u will be reasonably hard work—much harder than 
to find the particular solutions which for the simple gust involved 
only real numbers. It may be admitted that to work any one gust 
the labor will probably be much less than by my method of determin¬ 
ing formulas for the constants of intt^ratlon in tenns of the initial 
values of the particular integrals. But as far as I can see+ Brom- 
wich^s method is of no particular advantage i^ we desire to calculate 
the effects of a large number of gusts 7(i — r-^*) of various degrees 
of sharpness both head-on, up, and rotary. When we came to eaU 
culate a periodic gust we found that we were bvolvcti in powers and 
products and quotients of complex numbers, and It is probable that 
the work we did in finding the particular integrals was comjiarable 
with that required for the present analysis* 
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Summary. 

In cDtititLiiation of my previous work hi gusts as affecting the 
Curtiss Tractor IN2, I have discussed: 

1, Periodic Longitudinii! —It was found that, even in the 
case of best resonance with the slow natural osdllatioTi, the motion 
was not much different from that produced hy a simple head-on 
gust until after a considerable time (over 14 sec.) had elapsed. The 
amplitude of the forced oscilfaticm (in up and down motion) which 
ultimately became effective was about 5 times the amplitude of the 
gust. This was not regarded as serious because true periodicity can 
rarely be maintained in a head gust and because no pitot would 
wait to let its effect reach such a magnitude. Periodic up g\i5ts and 
rotar)' gusts iverc considered as not likely to arise. 

2, CJfii^'riif Theory of Rcsotianc ^^—It was shown that for aero¬ 
plane problems resonance meant different things for different prob¬ 
lems. It was inferred that resonance was unlikely to be particularly 
serious because in all probability its efficet w^ould either be small 
or w^ould take so long to become established that the pilot would 
check it* 

3, Infimtdy Sharp GustSr—li svas seen that the shock to a ma¬ 

chine was mXitJ and «iZy/ for a head gust, and mXv?J and ^nZ^J 
for an up gust. The serious case is the vertical shock in an 

up gust which was about 4//^ times the weight, more than twice that 
found for the sharpest gust previously treated. It w-oiild be 5 tiU 
more serious in a machine where Z^ was greater than in the IN2. 
Tlie Moral: Keep Zt small, clashes with Hunsaker's conclusion® 
that lateral stability is incompatible with high wing loading-—but 
such an antithesis is common.* Reference was made to impulsive 
gusts. 

4, The Effect of the Propctler .—The assumption that a constant 
power instead of a constant thrust was delivered did net very ma¬ 
terially alter conditions of flight. 

5, Laiercl GiMty.—The general equations were set Up and 
Integrated. 

■ Dynamical Stability of Alroptanc^^' Wasbinston, Smithsonian Mlsc. 
Cbllecr, 61,1916, 77- 

* "The pFodinrttOrt of a laterally stable ^roplant Is attentant with many 
compromises" Hunsokcr, p, 74, 
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(а) Single side-gusts were shov™ to produce modem side- 
slipping, insiguLficoJit roll* and moderate yaw. It was seen that the 
yaw \s*as into the relative wind so that the displacement of the 
chine in space was toward the gust despite the side-slipping. 

(б) Oscillatory side-gusts w'ere shown to be a common condi¬ 
tion of ftightp to produce mciderate S]de-$Lipping and yawingt hut 
insignificant rolling. The path of the center of gravity proved 
to be sinusoidal, so tar as the forced oscillation was concerned^ and 
of amplitude about 2 or 3 times the amplitude of the gust, 

(c) Yawing gusts were found to induce a good deal of side¬ 
slipping, but did not appear to be serious. The roll w^as very small. 

(d) Rolling gusts were seen to put the machine into a spiral 
dive, and thus to cause a real danger unless the motion w^ere checked 
promptly by the pilot. 

6. trained Mnehines .—A device to keep the aeroplane on its 
course or to prevent rolling made the previoiisly unstable machine 
stable. Such a device might be important to reduce the liability 
to the spiral dive in rolling gusts provided such gu^ts were common 
phenomena in flying weather, 

7. Other Methods of TrcotiwcBl.-^The Bryan-Eordetsky method 
of initial motions and Bromwich's new method of finding the solu¬ 
tion for a disturbed state without calculating the constants of integra¬ 
tion were briefly compared with my system of analysis. 

Massachusetts Institute of TEcaKoLOCr, 

Camokipcx, Mass. 
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ENGINEERING ASPECTS, 

Bv JEROME C. HUNSAKEtt Ext.D. 

1. It of especial st^iiHcance Lhat the American Philosophical 
Society devotes ati afternoon lo arronaudc^ and of cspedal signifi¬ 
cance lo the Navy that the problems of aeronautics have been so 
clearly stated to you here tcwlay. For these problems are unfortu¬ 
nately not only perplexing but pressing, and engineering progress 
cannot wait for a satisfactory solntion. Just now we are forced to 
adopt rather daring assumptions and lo extrapolate lo a truly alarm¬ 
ing extent our experimental data. 

2. 1 was sorry to arrive too bte to hear Professor Wcbster^s 
treatment of the dynamical aspects of the subject^ but T shall have, 
of course, the opportunity^ for a more leisurely study of his paper 
when it appears in printed form. 

3. Professor Durand's estimate of the economical size of aero¬ 
planes is especially timely we are building all sizes now in search 
of tlie most useful, and it is indeed encouraging to have Professor 
Durand as authority for making haste stowing in expanding the 
dimensions of the existing tyijcs. If 1 utiderslaud him correctlyp 
the weight of the structure of aeroplane wings niay be assuuTed to 
increase more rapidly lhan their carrying power so that there must he 
a limiting size for aiiy*given system of construction‘beyond which 
it is uneconomical to go. I l>elieve this conclusion to be entirely true 
provided, as Professor Durand carefully states^ the same System of 
constntetion be used for a family of similar stnictures. However, 
1 Tivould consider that it would not be good engineering to use the 
same material or even ibe same system of distributing material, for 
large and for small structures. For example, it is not economical lo 
apply the materials and methods of construction used In small boats 
to large ships. Where we would use solid spruce beams for small 
wlngs^ larger wings Avould have hollow spruce beams^ and perhaps 

24 fl 


250 


SYMFOStUJi ON AERONAUTICS. 


still larger wings^ of aluniiniim alloy or stcd. In the great 

aeroplanes of the future^ we may liave an opporinnity to tise a lattice 
construction combining a great moment of inertia vinth s minimum 
of material. The s^nialler the .*itructure the less favorably can we 
employ the matciiaL In many eases to give sufficient security against 
local and deterioration we n^ake parts several times stronger 

than would be indicated by a strength calculation alone. For ex¬ 
ample. no matter how small the ampbne, we would use no less than 
a cenain minimum rib thickness and cover with a fabric of sufficient 
weight and strength to sjtantl exi>osure* Consequently, in the small 
aeroplaneSp ive build relatively heavier tlian necessary, 

4. The cjiploratioR of the upper air has now become of pressing 
CQUccm 10 those who expect to navigate in it and^ In a genc*^ vva>% 
to designers of aircraft. Dr. Bkiris soundings are most illuminating 
and it is especially gratifying to note the ]irpgrc55 w^hich ottr own 
Weather Bureau ss making tn this work. For the airship and 
balloon, especially, a knowledge of the pressurtp temperattirtp and 
vriml at different altiludes is 01 first importance and it is to be hoped 
that forecasts can be supplied the aeronaut before his ascentp w^hich 
will acqimint him wjtli the probable conditions he will encounter 
aloft. Dr. Blairis data, I assume, show typical condi lions or rather 
average conditions. Tt w^ould be valuable if his explorations of the 
upper air could be extended to show in addition the possible and 
t)"pical deviations from average values. The aviator is less con- 
cemftl with the average velocity of the wind than with its fntemat 
structure; the frequency and intensity of its gusts and their nature. 

5^ llie importance of a study of gusts is clearly brought out bv 
Professor W"ih&Dii*s analysis of llie effect of lateral gusts on an 
aeroplane in flight. Professor Wilson has assumed gusts of given 
intensity and direction and computed the effect upon a typical 
plane^ Tlicre h abuntlant testimony of a qualitative nature as to the 
violence of these effects in practice. Aviators speak of “air holes" 
In explanation of uncontrolled diving and turning experienced, tt 
is of course evident that there are no holes in the air, and Professor 
Wilson shows that gusts produce effects of the sort observed. Now 
It is possible in the design of aeroplanes to so arrange surfaces that 
the effect of particular kinds of gusts is minimized. Wliat we need 
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to know now h what kinds of gusts are to be expected. For 
example, if sudden horizontal shifts in the direction of the wind 
are the usual state of alTairs^ we should not put a great preponderance 
of vertical fin surface on the tails of our a^oplanes. An excessive 
wcathcr-COck propensity wdll intake a machine head into the rela- 
tivc wind and if the wind direction shifts constantly it will be rfifE- 
cult to maintain a straight course. ^Hie ** weather-cock ” stabiUty 
is of course provided to make steering easier. 

6. Also Professor Wilson show^s that a roller in the air is cer¬ 
tain to bring disaster to an aCToplane. We have evidence of rotation 
in the eddy formed In the lee of a hill or other obstruction, but there 
is little information as to the extent and intensity of the disturbance. 
What aviators call '^bad air” mav be eddies in the wind. 

7. I would appreciate the op|5orlunity to outline in a general way 
some of the problems of lighter-tlian'sir craft, airsliips and bafloonis, 
in order to make the symposium more complete. 

S. In the design of airsliips ^ve are confronted wnth indeterminate 
structural featureSj mysteries of the upper air, atmospheric elec¬ 
trical phenomena^ and in addition to these difficulties we must work 
with fabrics and membranes of unfamiliar and indefinite physical 
properties. 

g. The theory of hydrogen-filled balloons ^vas developed in a 
very elaborate and complete form by the pioneers of the French 
Army Engineering Corps. Their theoretical considerations are of 
the greatest practical utility but depend upon an assumed stable con¬ 
dition of the atmosphere. Unfortunately a balloon and to a less 
degree a dirigible or airship is extremely sensitive to changes of 
equilibrium. For example, a balloon floating at its zone of equi¬ 
librium has exactly the w'eight of the air displaced. A wet cloud 
may condense a little water on its surface, the balloon will sink into 
regions of more dense air which will compress Its volume and cause 
continued descent until ballast is rejeased or the ground reached. 

10. An airship i$ also handicapped by changes of weight in the 
air due to picking up loads of condensed water^ *now, or sleet. The 
balloon fabric should be proofed in $omc manner to prevent such 
accumulations. 

ii^ At the same time, though w'eight may not change, tempera- 
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lure variations cause expansion and conlraction of gas and con¬ 
sequent changes to buoyancy, We may expect the air to grow at 
least 0,5“ colder for each 100 meters rise, but this is rather an average 
than a normal condition. 

12. Only at ntghl is the gas at the same temperature as the air, 
for the sun’s heat on the balloon keeps the gas inside 10 to 20 degrees 
wanner. A cloud which cuts off this radiation will cause a con¬ 
traction of the gas enough to cause a descent. It is of great im¬ 
portance to check temperature changes in the gas. Airships have 
been given metalUc flake paints, and light colors in an effort to re¬ 
duce heating. The most effective means would appear to b« a double 
wail with air space as in the Zejipelin type. Aluminum paint was 
found to reflect fourtceu times as much radiant heat as unprotected 
rubber. 

13. Rubberized fabric has been the envelope material for nearly 
all dirigibles except Zepi>elins. Such fabric can be obtained in 
quantity and of uniform quality. Unfortunately the chemical action 
of light causes the rubber to deteriorate. Protective coatings of 
chrome ycUow’ have been used with fair success. More recently 
carbon black has been found to protect the rubber better. But a 
dark cnvelo[)e exaggerates the disturbances of equilibrium due to 
heating, 

14. Tlic hydrogen leakage through good rubberized fabric should 
be about g liters per square meter per day. Goldbeater’s skin, which 
is animat intestine, tanned, shows a leakage of but a quarter of a 
liter. Such a membrane is immensely superior as a hydrogen con¬ 
tainer and does not oxidize. However, gold-beater’s skin rots if 
wet, is difficult to work and to obtain in quantity. It is to be hoped 
that a hydrogen-tight material can be developed equal to gold¬ 
beater’s skin but without these disadvantages. 

13, The envelope of a tlirigiblc Is a nonconductor of electricity, 
but presumably picks u]> the electro-static potential of the air, Ex¬ 
periments with kites have shown a potential difference of 20.000 
volts at 1,000 meters. It is likely that an airship takes up the 
potential of the air in less than a second and cannot reach the ground 
even after a rapid descent with any very considerable charge. The 
potentiai gradient may be 50 volts per meter and a dirigible of 20 
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meters height may have different charges above and below which 
may cause sparks and consequent explosion of the leaking hydrogen. 
There have been explosions for which no explanation is adequate. 
Should high metal parts such as valves have a wire to the car as a 
ground, or should we use a valve cord of non-conducting material? 

16. The addition of radio on an airship for signaling introduces 
another complication. The radio uses the car as a counterpoise and 
has a trailing wire as antenna. It is possible that sparking between 
car and envelope may be induced when sending unless precautions 
are taken. The nature of the necessary precautions is at present not 
dearly understood. 

17. The structural strength of the envelope of a nonrigtd dirigible 
b not yet a detinite engincerbg problem. As you know a torpedo¬ 
shaped elongated envelope inflated tviih hydri^fen carries by means 
of a set of cables a car containing passengers and power plant. 
The buoyancy of the envelope is distributed from end to end of the 
envelope, hut the weight Is largely concentrated in tlie short car. 
Hence there are serious bending moments impressed on the envelope 
which is held stiff only by its pressure of inflation. The well-known 
theory of an elastic membrane can be used to compute the stress In 
the envelope at any point due to the inflation pressure. However, 
the stresses due to these bending moments must also be considered, 
and at a high velocity the suction of the stream line motion of the 
externni air tends to augment the effective inflation pressure at pobiis 
near ihe maximum cross section. 

18. In addition to stresses due to inflation pressure, bending 
moments and external pressures and suctions, we have our problem 
confused from an engineers point of view by having to deal with 
balloon fabric of indefinite elasticity and strength. 

19. The strength of the fabric in warp and filler may be 
measured, but when W'C use a doubled fabric hi which the threads 
cross at 45* the strength becomes more difficult to estimate. 
Furthermore, the envelope under load deforms and parts severely 
stressed may shirk their load. The exact calculation of the stress 
in an envelope is not attempted. 

20. TTierc is, hoivcvcf, a simple experimental method of study¬ 
ing the problem. A model of the envelope filled with water is 
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suspended belo^^ u model of the ear by a suspension of cords. The 
ratio of densities of hydrogen and water in air is about 900 and it 
can be shown that if the scale of a raodel be and that if the model 
is made of the same niateriaLp the stresses at corresponding points 
are e<|ua1 and the model as it deforms tinder Load remains similar to 
the full size envelope aj it would deform under corresponding 
toads. 

21. Finally we have to consider the d)Tianiieal problem of driv^ 
mg the dirigible through the air at high speeds. As is welt known 
to students of hydrodynamics, an elongated body tends to place jtsdf 
broadside to the stream. Dirigibles of good form are essentially 
unstable and it is necessary to fit fins at the tail end. It is not prac¬ 
ticable or necessary to lit very' Urge horizontal fins since the center 
of gravity is usually below the center of buoyancy and hence 
affords a statical righting couple against pitching. This statical 
righting moment is supposed to overcome the tendency of the en¬ 
velope to deviate from the trajectory. However, as speed is in¬ 
creased the upsetting moment increases as the square of the speedp 
while the statical righting moment of weight remains constant. Con¬ 
sequently, there i$ some critic^ speed at which the dirigible becomes 
unstable or even unmanageable. 


VII 


REMARKS OK THE COMPASS LN AERONAUTICS. 

Bv LOUIS A. BAUER. 

The Uvf remarks which I am able to contribute to the discussion 
of the papers wc have just had the pleasure of listening to, relate to 
the use of the compass In a^ial navigation. 

The recent great progress in aeronautical art and in the construc¬ 
tion of ships to navigate the air, have called renewed attention to 
the importance of perfecting the magnetic compass used in steering 
the craft, and to the need of studying the " vagaries of the fickle 
needle.” Just as in ocean navigation, It has become necessary In 
aerial navigation, though not yet to the same degree of refinement 
as in ocean work, to determine the effects on the compass of the 
magnetic materials used in the construction and In the cquipmciit of 
the aircraft The airship-compass must, accordingly, be compen¬ 
sated, and allowance for any outstanding errors must be made in 
steering a course with it. 

The satisfactory solutions of the various problems are especially 
difficult for the heavier-than-air type of airship. One of the chief 
points of difference between the aeroplane-compass and the occan- 
ship^ompass consists in the form of damping device (horse-hair 
packing, for example) which must he used to overcome, as well as 
possible, the very excessive vibration caused by the engine driving 
the aeroplane. ^ 

Besides the so-called "magnetic-deviation errors" of the com¬ 
pass, arising from the magnetic materials in the vicinity of the com¬ 
pass. there are other errors which make themselves seriously felt 
only, however, while the aeroplane is turning. The latter are called 
“dynamic-deviation errors"; their magnitude depends upon the tilt 

of the aeroplane, the magnetic dip, and the heading or course of 
the airships 

men the aeroplane is turning, it is tilted towards the center of 
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ihe circle dcicribcd by it. the tilt becoming greater, of course, with 
the speed of turning or with the decrease of radius of the circle- 
Evervthing mo\'ablc which was at rest in the aeroplane during 
straight line uniform flight under the action of gravity alone is still 
at rest relative to the aeroplane as it lilts on the turn, but now, 
cverjthing is at rest under the action of the resultant of gravity 
and centrifugal accelerations. The compass card, which was hori¬ 
zontal during roctiUnear flight, is now tilted with the aeroplane and, 
tonsequcnlly. partly turned in the terrestrial magnrttc field. The 
vertical component of the earth’s magnetic field, which was normal 
to the card in Its level position in rectilinear flight and which, ootl- 
sequcntly, had then no directive effect, now has a oomponent in the 
plane of the card and normal to the magnetic axis which tends to 
produce the "dynamic deviation.*' The horizontal component of 
the earth’s magnetic field also plays a part in this kind of deviation. 
According to some recent investigations in England by S. G. 
Starling.^ when the angle of tilt of the aeroplane approaches the 
complement of the magnetic dip, which for Philadelphia would mean 
a lilt of about 19*, the dynamic deviations of the compass, if. for 
example, the course steered be an easterly one. may increase to 
nearly 90*. And if the till of the aeroplane exceeded 19° the direc¬ 
tion of the compass on tfic course stated would even he reversed, 
While the dynamic deviations may be large during turns of the 
aeroplane, yet they disappear, practically, when straight flight is re¬ 
sumed. We, therefore, question the desirability of adopting the 
movable compensating devices, suggested by Starling, which while 
effective during acroplane-tums. might introduce magnetic devta- 
tioiH of a more permanent character during the more usual straight 
flights If his devices are used, they will require careful control. 

In connection with the use of the compass in aerial navigation, 
an interesting scientific question comes up as to the change of the 
earth’s magnetic field, or of the magnetic elements with altitude 
above the surface. Magnetic experiments of this nature were made, 
in balloons by Gay Lussac and Biot in 1804 which were repeated, 
with more success, a half century later by Glaisber. The available 

' “ The Equitibrium of the Mainielic Compass in Aeroplanes," Phil. Meff,. 

London, Vol. 3Z. NoiTsmber, lpt6 (46i-476>. 
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observations to date do not possess, howeverp the requisite refine¬ 
ment, and it is hoped that some day a non-magrietic airship and the 
necessary instrumentat appliances will be available for conducting 
a inagnetic sirn'cy of the aerial regions in the same manner as that 
employed in the ocean-magnetic survey of the non-magnetic ship, 
the Carnegie. 

Referring to the possible scientific work for airships, it will be of 
interest to recall that the first scientific aerological observations in a 
balloon were made in 17S4 by an American physician, Dr. John 
Jeffries, a graduate of Harv'ard College, residing at the rime in 
London, Dr* Jeffries presented a printed copy of the extremely in¬ 
teresting narrative on bis two amal voyages- to Benjamin Franklin, 
as also a manuscript copy ■ both are now in possession of the 
American Philosophical Society* Other aeronautical papers and 
letters of historical interest will be found among the magnificent col¬ 
lection of “ Frankliniana/' belonging to the Society* 

tin the ^cotid ol these voyages, made on 7, 17&5. the English 

ChamieL was fully crossed for the hrst time by aerial ii|ht. 
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SPECTRAL STRUCTURE OF THE PHOSPHORESCENCE 
OF CERTAIN SULPHIDES." 

DlSCL'SSlKC MEASUASSENTS BV DrS, H. E. HOWE, H. L. HOWES 
AND Percy Hqpge. 

F 

By EDWARD L. NICHOLS. 
lE<od AprIS iJm 

Ph. Lenard, to whom we owe extended studies of tht class of 
highly phosphorescent substances kaosm as the Lenard and Klatt* 
sulphideSi describes^ the spectrum of the emitted light as consisting 
of a single broad band in the visible spectrtiro. This band which 
appears single, in most cases, as viewed with the spectroscope docs 
not however tonlorm to the recognized criteria. The marked dif¬ 
ference between the color of fluorescence and that of phosphores¬ 
cence and the changes of color during decay p suggest overlapping 
bands, E. Bccquerel* m iS6i showed in his pioneer work on phos¬ 
phorescence, that the color of the emitted light varies with the wave¬ 
length of the exciting light. His observations apply^ it is true, to 
sulphides of barium, calcium and strontium not identical in make-up 
with the sulphides of Lcnard and Klatt but obviously belonging to 
the same class. In a recent papci^ the present writer gave more 
direct evidence of the existence of more than one band in the spectra 
of these substances. In that investigation which dealt primarily 
with the phenomena of color as seen in the phosphorescence, it was 
shown that with the aid of a special form of phosphoroscopc® which 
permitted of the observation of phosphorescence during the first few 

I An investiBation carried out in part with apparaitis purchased by aid 
of a Sirant froin the C^ruegte luftitndDn ai Wa^lneton. 

~ L^nard and Ktitt, A hfi, d^r Fkysik., XV,, 

^ LenunJf ^Hw. Phydk., XXXL, p, 64J, ipio. 

* EL Bccqucrel, La Luvnerc, VoL 1&&1, 
s Nidiols, Proc. Aw. Fhihs:. Soc., sSh P. 4^94 1916^ 

« Nichola, Free. A'pJ. Acad. Sc, IL, p. 32^ aho Nichoh and Howm, 
Sfvifre, N. S., XLin.^ p- 037* 1916. 
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thousandths of a second after the cessation of excitation as well as 
later, various marked changes of color during decay not previously 
noted Could be detected. These changes were readily explained hy 
the assumptEon of overlapping bands, one of which decays with 
great rapidity and vanishes in a few thousandths of a second, while 
the other persists. The actual existence of these two componeiits 
was readily verified: 

1. By observing the spectrum of the light as viewed through the 
openings of the phosphoroscope. One end of the band could be 
seen to collapse immediately after the cessation of excitation, i. e., 
the end tovrards the violet in the case of the luminotis barium 
sulpliides and the end towards the red when the sulphides of calcium 
or strontium were under observation. 

2. By exciting the substance at the temperature of liquid air. 
Under these conditions the persistent band was completely destroyed 
leaving only the band of short duration visible in the phosphoro¬ 
scope ; with consequent change of color. 


LIXAltS. 
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It should be noted in this connection that in their original paperi 
Lcnard and Klalt depicted these spectra as complex, while in his 
latest paper, already cited, Lenard prefers to regard them as single. 
This later view may be most briefly and conveniently indicated by 
the upper part of Fig. i, w'htch is a typical diagram reproduced from 
Lenard’s plate. Here the shaded area represents the location of the 
band of emission, indicated as a single broad band and the two 
’ Lcnard and Klait, .d««, dft PhysUi. {4), XV,. p, aog, 1904. 
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enclosed EB in the ultra-violet show the regions capable of 

exciting phosphorcscenoe. These two crests or so-called bands of 
excitation (Erregungsbande) have fixed positions as to wavc-lengtbp 
for each sodphide- 

StGh'IFrCANCE OF THE EaKBS OF ExCITATIOJf, 

It seemed to the writer probable that these nylons of maximum 
excitation* the positions and appearance of which had long since 
been beautifully depicted by Becquerel in the work already dted^ 
were due to the presence of absorption bands. Dr. H. E. Hovvt 
who was employed during the past summer in the study of the ultra¬ 
violet absorption spectra of certain fluorescent solutionSp was kind 
enough to test this hypothesis. Following the method developed by 
Stokes and by Becquerel and subsequently used by Lcnard and 
Kbit* the phosphorescent substance was exposed to the dispersed 
rays of a large quartz spectrograph. The source of light w-as the 
powerful submerged aluminum spark described by Henr^ and sub¬ 
sequently employed by How^e“ in his study of absorption spectra. 
This affords a continuous spectrum of great intenBity extending to 
about .2^. A considerable portion of the ultra-violet spectrum w'as 
found capable of c.xciting fluorescence. In the case of a barium 
sulphide with lead with a flux of sodium sulphate this broad band 
of ^citation^ corresponding to Lcnard‘s “ Momentanband/' extended 
from to about it is indicated by the dotted line in the 

lower diagram in Fig. i. Upon this w^ere gradually developed two 
narrow' crests or ttiaxima which glowed for sometime after the dose 
of excitation, the Dauerbande ” of Lenard. The wavelengths of 
these cre^s were estimated as .380^ and .335 Lenard gives for a 
sulphide of similar compositipn .377/i and ,332 ft respectively, as 
sliowTi in the upper diagram. 

To obtain the absorption spectrum of these sulphides hy trans¬ 
mission is impracticable on account of their great opacity, hut the 
following procedure vras in some instances successful. A thin layer 
of the substance was pressed betw^een quartz plates, and mounted in 
front of the sUt in such a position that tay$ from the spark would 

5 V. Henri, Physi^ali:^(he p, 1^13. 

s H. E, Howe, P’JiyjiVflf 2, VllL, De^cinba-. 
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be diffusely reflected into the colliina.tor of the spectrograph. Photo¬ 
graphs which exhibited the selective dl^soq^tion of the substance were 
thus obtained. The barium sulphide under investigation showed two 
narrow absorption bandSp indicated below the base line in Fig. i, and 
a region of general absorption beyond -3 ft. The two narrow bands 
whose crests as determined from the photographs were at ■ 375 ^ 
and .332 >1 obviously correspond with the bands o£ excitation and 
sufficiently explain the existence of the latter. 

Similar coincidences between selective absorption and selective 
excitation were established in the case of the compound SrPbKaF 
at p335/i. (Lenard's band .358^) and of SrZuF at .360^ and .29711 
(Lenard's bands .360^1 and ^7ft). The relation is therefore prob¬ 
ably a general one, corresponding to that already demonstrated in 
the case of the selective action of infra-red rays upon phosphores¬ 
cence of zinc srUphidep where the maximum effect was found in 
regions of maximum absorption.*® 

SPECTROPHOTQI!ETHIC MEASUREMENTS. 

A detailed spcctrophotometric study reveals widely varying de¬ 
grees of complexity in the spectra of the dififerent sulphides. Dr. 
H. L. Howes kindly made for the writer very careful measurements 
of three characteristic compounds^ which may be regarded as prc' 
Hmttiary' to a more extended investigation. 

His method^ briefly stated, was as foUow^s; The substance was 
mounted behind the disk of the synchrono-phosphoroscope and was 
illuminated by means of the radiation of the zinc spark; the disk 
being adjusted so as to afford observation of the phosphorescence in 
its earliest stages, i after a few ten thousandths of a second from 
the close of excitation. In place of the photometer used in taking 
curves of decay a spectrophotometer with two coUiniatorST Lummer- 
Brodhun cube (L) and constant deviation prism was mounted as 
shown in Fig# 2. One collimator w^s directed towards the phos¬ 
phorescent surface F, the other towards the comparison light A. 
The latter consisted of an acetylene flame properly screened. The 
two slits Sf, S of the spectrophotometer were of equal width and 

i®Nidiols and Merritt. Studies m Ltmiineacence,” Publications cf the 
Carncyic InstiuitEon, So. tsz, p. fej. 


262 NICHOLS-PROSPHORESCENCE OF SULPHIDES. 


measurements were made by moving the flame along a photometer 
bar B in the prolonged axis of the coIlLimton Settings were 
made at intervals of 50 Angstrom units throughout the spectrum. 
On account of the very great range of intensities within the phos¬ 
phorescence spccinim it was necessary to increase the effective range 
of the photometer bar by the interposition of screens for which the 
reduction factors had been carefully determined. 



The first substance studied in this manner was a strontium sul¬ 
phide^ Avilh bismuth as the active metalp designated as L. and K. No. 
13. The spectrum curve obtained by Dr, Howesp using the method 
described above, is shown in Fig. 3. The complexity of the band 
IS very obvious, there being subordinate crests on either side of the 
principal maximum^ 

The curve suggests at once a group of overlapping bands, so 
nearly merged that to the eye It would appear as a single simple 
band. There is moreover a distinct suggestion of a syshanatic 
relation. 
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Taking the relative {requoidea, i*. e., rcdpfocals of the approxi¬ 
mate wave-lengths (i4tX lo*), of the crests as estimated from the 
curve, it is found that the intervals are either very nearly 58 or 
tivice that nimiber. If a series having 58 as its constant interval 
be formed with one member located at the principal crest (Jt = 4Scio) 



Ft& 3- 

other members of this scries will coincide with the subordinate crests 
of the curve. The short vertical lines in Fig, 3 indicate the posi¬ 
tions of those members of such a scries as coincide with the crests 
and of two further members which fall on a slight and not very 
well defined maxima at -55^^ and >5921 /i. 
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Th? agreement is sufficiently good throughout to warrant the 
statement that: 

The band tonsils of a eomphx the overlapping rom^ojwjtf.r of 
•sahicK io far as viable, are HKHiiffrj of a series having a constant 
aiicnfoi. 

The following table gives the appproximate frcquendes and 
wave-lengths. 

table L 

AiTMXIUATS F1IEOUE.VCIES AXD WAVE-tiJiCTHS Or VISIBLE OlZSTS W SfEC- 
nuu OF THE PHOseaoiEscENT SuwaiiKt L. and KL No. 13 (Sr, Bi, Na,SO.). 


Vlwbk L>4«u. 

Sulu. 







-44JO 

23|7 


ss 

■4547 



sa 

.4670 



58 

.4801 

2o8j 


5S 

-49138 

3025 



— 

1967 


axss 

.5238 

IQ09 


■— 

1851 


axs® 

,SS6a 

im 


-- 

17^ 


eXsS 

-Sflii 

1677 




The three members of the above series not designated in the table 
as corresponding to visible crests have wave-lengths at ,5084^ 
.5403^ and .5/^P and these fall upon less definite maxima 00 the 
curve than those which have been called visible crests. 

Another substance investigated with the spectroscope was a cal¬ 
cium sulphide with bismuth as the active metal (L. and K. No. 3) 
which is notable for its intense blue phosphorescence. 

The spectrum, as will be seen from Fig. 4, appears as a single 
crested band with a well-defined maximum of unusual brightness 
at about .447/*, It is of the well-known typical form, steeper 
towards the violet and shows no visible evidence of complexity; but 
the phosphorescent light extends throughout the visible spectrum 
although of relatively very small intensity in the longer wave¬ 
lengths. Plotted to this scale no details of this weaker region can 
be seen but if the ordinates be increased one hundred fold, as in 
curve BB, various maxima and minima appear; indicating a second 
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complex band, or overlapping group of bands which merge into the 
brilliant blue band at their more refrangible eui 

This is in agreement with the fact recorded in a recent paper^^ 
that when this substance is excited to phosphorescence at the temper¬ 



ature of liquid* air its color is blue-green Instead of blue-vioIct on 
acconni of the suppression of the band of shorter wave-length which 
is dominant at ordinaiy temperatures. 

The crests shown in the curve BB also belong to a series of con- 
i^ NichoK Pijoc or rnj^ Akwcan Phiuds. Sdchtv, Vol LV., p. 456, tpid 
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slant frequeni^ imerval, the approximate interval being 39, The 
location of the members of this series which coincide with maxima 
are indicated vertical lines. Frequencies (i/j* x io») and wave¬ 
lengths are gi ven in Table II. 


T.\BLE IL 

Sesies w VisiBii CaasTs m the SreermuM of L. axd K. Sulphuje No. j 


VUblcCKIU. 

-Sjoo 

-S 4 I 1 

.5528 

•S 65 » 

•5781 

‘5910 

.6300 


(CaB/). 

Soils., 

16S7 
im 

iSog 

im 
mi 
[6pz 

1633 

1^14 


liUimriS 
fmm Seria. 

39 

jg 

39 

39 

39 

39 

39 


Here eveiy member of the series is represented by a rccogniiable, 
although in some cases somewhat indefinite maximum in the curve, 
as far as .3300^1. If we extend the series further towards the violet 
we find that the ninth member beyond .5300lies at 4468/1 (fre- 
quenej' 223S) and this coincides with the main crest well within the 
errors of observation. There are other barely discernible indications 
of submerged crests on cither side of the principal crest. 

The most striking example investigated in this preliminary' study 
IS that presented by L. and K. No. 33, a barium sulphide with copper. 

Here we have obviously two overlapping complexes of bands 
(see Fig. 5 ), at least 14 crests of which are indicated more or less 
definitely by the irregularities in the spectrum curve. 

In this ease the bands fall into two groups. From wave-length 
■Sf* towards the violet the frequency intervals between neighboring 
are all multiples of 70. Towards the red the interval Ss 266 
for all hut one band. This band at .3376,. falls however into the 
Series having the tonsiiant interval of 70, 

To indicate the doseness of the agreement vertical lines have 
been drawn on the diagram in Fig. 5, as iu the previous cases at 
WM-t-lenrhs corresponding to those members of the two series' of 
constant interval which coincide with observable crests. Solid lines 
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belong to the group with an interval 70. dotted lines to the 26.6 
interval. Wave-lengths, reciprocals and intervals are given in 
Table III. 

The designation of these series as of constant interval, upon the 
basis of the curves in Figs. 3, 4 and St can be tentative and approxi¬ 



mate only; but no systematic departure large enough to be detected 
appears to exist. The wave-lengths given in the tables are tho^ of 
the vertical lines and therefore of the members of the constant inter¬ 
val scries which coincide with the various crests. No independent 
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estimates of the wave-lengths would seem to be signMeaut. The 
curves however were plotted directly from the spectrophotometric 
readings without reference to any possibly ^^mmetrical arrangement 
of the crests. 


TABLE Ul 

App^iimate FpcQUEWCits AKD Wave-Lesoths of ViaruLE Crests is tot 
Specirum of the Puosphoilescest SuLPHide L axe K, Ho. 33. 


Visible cresis fn^erro/ ^70. 


Wnvci-LtuEliH, 

Frtt|laEfidE> i/A X 


4 JSS 

23 S 0 

70 

4386 

3280 


- -- 


Toxa 

4673 


TO 

4831 

2070 

70 

5000 

2000 


‘ - ' 


ToXa 

3376 

t86o 



Visihie erei fj zviih interval ^6.6r 


WmTC-tjBip luy 

FrBC|iWi?l<f- 

InlcmlAi. 

SOeXH M 

2dOO.O 

26.6X3 

5136 

1^.8 

at6X3 

5363 

i8g[2.6 

26-6X7 

5861 

t70fi,4 

sd.6 

6045 

T653.S 

26,6 X* 

6230 

uswo 

26.6 X 2 

6465 

I 54 j 6 j 8 


6578 

15202 

76.6 

tifiss 

149J-6 

a6.fr 


•» 

Whether the spectra under consideration are to be regarded as 
consisting of a single band or of more than one band is not a ques¬ 
tion of complexity of structure. Any ay stem, however complex, 
which behaves aa a unit under varying conditions of temperature, 
mode of excitation, etc., all the components being affected in like 
manner, may be considered as a single band in the sense in which 
that term has been used by Lenard. We have a striking example 
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mclecd of such bands or sj’Stems of great complexity of structure in 
the ca^e of the uranyl salts. 

The evidence that^ in general, the spectra of the phosphofescent 
sulphides contain more than one band or complex has already been 
mentioned, c, the marked changes of the color of phosphorescence 
with teinperaturc and during the process of decay, the change of 
color with the mode of excitation as described by Becquerel, etc- 

In the three sulphides the spectra of which have just beep dis¬ 
cussed it was thought probable that in spite of die overlapping of 
the components something might be learned hv obser^^ing the decay 
of phosphorescence of different regions of the spectra separately 
and for this purpose Drs. Howes ^md Hodge made the following 
determinations. 

The Decav of Phosphorkscexce in Different Portions of 

THE Spectso^e. 

To obtain the curve of decay for a restricted regton of the 
spectrum the spectrophotometer was used in combination with the 
synchrono-phosphoroscope and photometer bar as described in a pre¬ 
vious paragraph (sec Fig. 2). The collimator sliu which, to secure 
the greatest possible detail in the spectrophotometric measurements 
had been very narroiv, were opened to a ivldlh of mm. so that 
the brigiitncss of the contrast field would be sufficient to allow the 
observer to follow the rapidly fading phosphorescence even in the 
weaker portions of the^ spectrum. 

The spectrophotometer was set for a selected region and the 
curves of decay ivas obtained in the usual manner by observing the 
position of the comparisoa lamp upon the photometer bar which 
gave equality in the contrast field for increasing times after the close 
01 excitation. The range of the teading:^ was from .001 sec. to .05 
gee. according to the position of the hectored disk upon the shaft of 
the ptiosphoro^cope. 

In this way a set of cur^^es corresponding to several nearly equi¬ 
distant regions within the phosphorescence spectrum was obtained 
for each of the three sulphides under consideration. 
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Three such curves for the Ca, Bi sulphide No. 3, plotted with 
as ordinates, are shown in Fi^. 6; four for the Sr, Pb sulphide 
No. 13 in Fig. 7 and three for the Ba, Cvt sulphide No. 33 in Fig. S. 
A notable feature of all these curves is the existence of two so-called 
linear processes the first of steeper slope and therefore indicative of 
a more rapid decay of phosphorescence than the second. This form 



of cune, as is well known, is characteristic of phosphorescent sub¬ 
stances in general, the only well established exceptions being those 
occurring in the case of the uranyl salts.^ As regards the relation 
of the two processes recorded in these diagrams to what appear as 
the first and second processes in the usual study of the long time 
phosphorescence of such sulphides, it is clear that the second process 
Kidioti, Prac, Ntff. jieadfmy of Scimfrj, IL, p. 
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m our curves h not identical with the first process as observed by 
the ust^al long time methods. 

Assuming the second process to continue; the intensity after i 
second would be about i/i^ of that at .oj sec. or roughly 
I/W.OOO of Its inihal brightness; whereas as is well known these 
!1 phosphorescence after many 



This can only be accounted 
later processes of successively 
making up a more complicated 
been assiimcd. Carl Zeller,” 
determine the earlier stage of 

^“Ztllcr, Pkysicat Rtvinv, (i)^ 
No. 15a, p. 124, 


for by supposing that one or more 
slower decay follow one another; 
curve of decay than has generally 
the only previous investigator to 
this t}’pe of phosphorescence, has 

3ip p 3fr; a!» Carnegie PtibUcatioiu, 
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published a diaifram which overlaps the range of the present experi¬ 
ments. Three of his curves are for a Sr, Bi; Ca, Bi and Ba, Cn 
sulphide respectively; corresponding to and possibly identical with 
our 13, 3 and 33. These show a linear process w'hicb he regards 
as the first process in the decay and which, as he points out, has. 



in each case, a much steeper slope than the first process, so called, 
obtained b)' observations covering the range from a second or more 
onwards. The slope of his lines considering the range from .Ol* to 
.03'* and remembering that Zeller did not determine the decay for 
various regions of the spectrum separately are fairly comparable 
with the second process (beyond the knee) in Figs. 6 and 7 if we 
select the regions including the principal crest. We may therefore 
regard Zeller's process which extends as far as .06 second as the 
same as our second process. 
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The change of slope between this process and the Jim proem 
so called in the curves of decay for these sulphides as observed dur¬ 
ing the interval from two seconds onward Is very great. In a rep¬ 
resentative curve obtained by Mr. Carleton E. Power‘* for example 
his first process extends for nearly go seconds. The slope if com- 
piited for a time scale such as that used in our measurements where 
V too sec. may be taken as a convenient unit, is scarcely perceptible. 

e increase in the ordinate {/■'«) in passing from time .01 see, to 
.03 sec. in our second process or in Zeller’s process is of the order 

t - 1/5 — 

*01 

Power’s first process would give a ratio of the order of l.ooS. 

In other words during the first few hundredths of a second 
a tier the close of excitation the intensity of phosphorescence falls 
in each 1/100 of a second from unity to about .70 while after sev¬ 
eral seconds, it iaDs in l/ioo second only from unity to .99. 

It se«ns probabie, assuming continuity in the progress of the 
decay, that if we had a complete curve of decay for one of these 
sulphides, the knee between our second process and tlie first process 
of the long-time curves would be found to lie somewhere beh^-een 
0 10 second and 1,0 second. If it occurs much earlier than 0,10 
s^ond, Zeiler would have discovered it; if much beyond 1,0 second 
It should appear in the long-time measuremetits. In fact many 
curves for the decay of phosphorescence by the biter process do 
show a downward trend and Lenard. among others, has disputed the 
h^riear character of the curve as w-e approach the origin of time 
The existence ol at least four linear processes each of longer dura- 
hon and lesser slope than the preceding may well account for the 
j crence of opinion. An observer dotermining the law of decay 
» a whole by e mefted „« leking , / 

ml 1 -hfcr 

r — '•”* “ • »i«Bsion ot linear 

CX ioy in the overlapping oF (he componenta in the spectra unde, 
consideration it is difficult to determine whether the eroun nf - 
distant bands arc to be regarded as a unit, as in the ease oTZ: 
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itrajiyl or indeed whether they constitute the whole of the 

phosphorescence spectrum. To that end some method permitting 
of more complete resolution must be devised- The pronounced 
changes in the color of the phosphorescent light would make it seem 
probable that we have to do in these observations chiefly with com¬ 
ponents of the phosphorescence that are of rapid decay and which, 
after a few hundredths of a second, disappear leaving behind other 
components which constitute the phosphorescence of long duratioa, 
These, which are probably of relatively insignificant initial bright- 
nessp doubtless overlap the phosphorescence of short dumtion but 
occupy, as a whole, a somewhat different portion of the speetrum. 

In that case since one has to do with a different group of bands 
in obser\"ing ihe initial and the later phases of phosphorescence there 
would be an actual discontinuity between the processes discussed 
above and the great change of slope is readily explained. 

Summary. 

1, The regions of selective excitation (the bands of excitation 
for the Lenard and Klatt sulphides, are showm to coincide in position 
and extent with absorption band^ in the transmits ion spectrum, 

2, The spectrum of the phosphorescent light, during the first few 
thousandths of a second after the close of excitation, contains one or 
more groups of ov^erUpping hands, the crests of each group fonning 
a spectral series hairing a constant frequency interval. 

3. The decay of phosphorescence during the first three hun¬ 
dredths of a second after the dose of excitation may be described 
as consisting of two processes each sho^nng a linear relation between 

and time. The first and more rapid process lasts for less than 
.01 second for the three sulphides studied under the intensitv of 
excitation employed. The second process probably persists for 06 
second or more. 

4. The phosphorescence of long duration of the sulphides under 
consideration is probably due to another group of bands of com¬ 
paratively feeble initial brightness which come under observation 
only after the phosphorescence of short duration has vanished. 

COXNELL UnJVEBSITY, 

Department of PbvsicSh 
March, iQiy. 


A NEW BABYLONL\N ACCOUNT OF THE CREATION 

OF MAN. 


Bv GEORGE A. BARTON. 

The Babylonians were particularly fond of stories of the crea¬ 
tion, of the world and the bcg:!niiings of civilization. The best 
known of these is the Epic of Creation " In seven tablets or cantos, 
parts of which were discovered by Geor-e Smith in the British 
Museum more than forty years ago. Still another was found in 
1SS2 at Ahu Habba by Rassam and brought to the British Museum 
It was later pubUshed by Dr. Pinches. The same museum contains 

fra^ents of a third story of the creation which was written in As- 
syrJa. 

The University Museum in Philadelphia is particularly rich in 
texts of this kind. In 1914 Dr, Poebel published one svhich com¬ 
bined accounts of the creation and the flood.' in 1915 Dr. Langdon 
published one which contains a most intcrestii^ account of the be¬ 
ginnings of agriculture,* and to these the w riter is now able to add 
another that he came upon among some uncatalogued tablets some 
months ago.* This last text was excavated at Nippur and is one 
of the many tablets that lay unpacked for years in the basement of 
the Museum. As the subjoined translation will show, the tc.xt deals 
with the creation of man, the on'i^n of Babylonian pastoral life and 
the exigend^ which led to the construction of cities. Some of its 
phrases remind us of expressions in the eariy chapters of the Book 
of Genesis. The text is as follows; 


1. The mpiEiitaln of heaven and earth 

2. of heaven, the great gods, entered, Afttni'ards 
3* Beinause A^hnan^ had nat come forth, the/conversed together. 


^ A. Poebet ” Historical Teetj,*' Philadtslphia, 1914, p aisA Q a 
loTu " Arcliiculoffy and the Philadelphia, 1916, 27^3^ ' 

M, I'’’' Paradise, the Flood, and the Fall of 

Man, Philadelphia, 101$; also Barton, op. cit, aSj-aSp. 

» The tablet ha* since been catalogued as No, 1400s. 


276 


276 


BARTOX--NE^V BAB\1-0NIAN ACCOUNT 


j 

4. Tht land Tikku^ bad not created; 

For Tikku a temple p^btform tiad not been filled in; 
dr A lofty dwcMiflg had not beea built^ 

7^ The arable land was withont any seed i 
& A well or a canaL(?) had not been dni:; 

9. Horsei and cattle had not been broug^ht forth, 
la So that A^hnait could shepherd a corral; 

11. The Aniiiiita, the great ^Sr bad made ao plan; 

13, There was no Icff-grain of thirty fold; 

13, There was no irr-graiit of fifty fold; 

1^ Small grain^ mountain grain, and great ajaf'^grain there was nor; 
t5. A possession and house there was not; 

16^ Tikku had oedther entered a gate nnr gone out; 

17, Together wilia Nlntn,—the lord bad not bmtight forth loeci, 

18. The god Ug as l^der came; as leader he came forth to plan; 

Mankind he planned; many men were brought forth. 

30 . Food and steep he ptanned for them; 

£1. Clothing and dwellings be did not plan for them. 

2!0. The people witli rushes and rope c^me, 
zj. By making a dwelling a kindred was foitned- 
24. To the gardens , „ * they brought irngatioii; 

33. On iliat day their [gardens sproutedf?}]. 

26. Trees ^ ^ ^ mountain and country. . « ^ 

% cufJi-^n-ni dhi^r-diTi^r n-itun-rto rm-fur-He-cl u-ba 

3, i»ii Jig-in-dq-wio-da uh^ic-iia-an~duij-ga 

4, itofour-iipu nM^hi-^o-oA-dipn-ifin-oJ 

5, fffflCPf 

fi. iuJ^up-pt-a ro'’-H6-sflr-rfl 
7. nr-ptH-pne-s-fliw numun iaf'-ro 
piN-i^-jK-Hd 

9. anir-ra* bir-ei-hi iiM-tPi-l**-tn# 

10. ppiw ^erfppti uruf-uppiirpin-bf 

11. ‘'o-nufl-wo dipp^ifr psf-^pof r-jse nu-my-Kii-iTH-Ja^iPM 

la f nprt-HJif-ppft 

13. series criffi-ffwiaPta-ptB nu-gdb(a~am 

14. le-kur-m Je-d-JoJ-j/of-lo Mu^df-fo-ajn 

15, tui^fus-H nK-jdf-fii-oin 

16, nu-ie-l tfF jtd uu-ff 

* A god of vegeutiont B^now^s ''List/' 74S4 

* Tikku is a river-bartk personifiEd. 

•rn^lo, *'not"; cC “Origin of Babylonian Writing," It U often 
employed in the Stele of Vultures in this sense ■ see, f, Col XXI, 2, j, 
no-rK-o-^i ba-J^a-^d-dtt, “this stele one shall not breaiL" 

^The sign a: is 606 b the “ Orlglti of Babylonian Wriling" Its values 
are undetermined. 

* anii-ra^ for unh-ki^r~ra. kur was omitted by the scribe* 
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17. cn rn ka!-kai 

ifi. mas tum-nsa moJ du~da i 

15, nam-iH unsH rrim-nun~a 

20 , mu^n-iM-iiJ^m 

21. iug-gi-fHs-ftd-bi Ru-mfj-nH-iru-iii-tfm 
aa. u^fa gii gi-a-na-dur^ wiw-f 

2^ tuJ-gim~ka uibar 

24. a-Jar-iar-ra ^ ^ , im-gi-giSi-tst 
2 $. ud^ba^t dar- , , I rj^-f-n [i? ^ , 

26. gii~bi dut * * . ti-kuT^ar , * , 

37- Stibr . * . dulf , . . . . 


MU . . ....***- 

' Rkvkbse, 

I. Fathtr EnliK?) 

i . stajuJSiTff gTain(?} ....... 

3 . i . . . . . fot niankmd ^ . 

4. , crcitioD of Ento ^ . . . . . 

5. Fatlicr &ilil 


4 Duazagga^ th^ wAy pf iht gods , . . ^ . 

7+ Duua^pg^a^ the biillumt, for my god I giiard(?) .... 

R Entu and EnUI to Duazagga * ^ ^ ^ 

g. A dwediiig for A^nan from out of Dua^gga I will Imdktl?) for thee], 
le. Two thirds of fold perished! ?) \ 
iz. Hii plants for food he created for them; 

12. A&hnan rained on the field for them ; 

13. The moist (?) wind and the fiery storm-cloud he created for them. 

14. Two thirds of the fold Sitwd ; 

13 For the shepherd o^ the fold joy was dishirhed. 

16* The house of mshes did not stand; 

17. From Duaaagga joy dec^arteet 

18, From his dweIBng, a lofty height^ his boat 
ig, Desraid!ed; from heaven he came 

aa To the dwelling of Ashnati - the scepter he brought forth to them; 

Jl. His brilliant oity he raised up, he appointed for them; 

22. The reed-country he planted i he appointed for them; 

?3. The falling rain the hollows caught for tliem i 

24. A dwE^IJng-place wa^ their land: food inade men multiply* 

2 5. Prosperity entered the land; It caused them to become a multitude. 

^ He brought to the hand of man the scepter of eommand. 

27, The lord caused them to be and they came Into exigence. 

56. Companbns calling them, with a man his wife he made them dwelL 
29, At nlght*^ fitting compajitons they are together* 

3SK (Sixty lines)* 

I. o-fl *^ejt4i7. 

3. , * , * * hd-jT-o. **.....,*.,*** 

* In Semitic^ Shamash, the jsun-^god. 
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3 - --- , . . _ 

4 - - ^ + i ^ en-tu-fft. 

5. u-d 

d dv-asag~ga Md-da ... 

7. dv-OM^-ffa iag^a-o dingir-ma-da-rg gb~ulnt^ 

S. dti-i^ 0 -ga~ra ne, -.*.***. 

^ du ^r^nu-hi du^azag^fa ipff-md-^/a-r[a-fiH, , . , 
la. idrfcifri-^ lM1-pul-d5-;9d^^. , ^ ^ , 

lx. ii-tt f-ggf^ra^a mu-uK~n^bg^~Ke * 

13 . garj-f mu-HH^imt-am^c 

ij. lit^p in HFOi^iag^i mu-un^-ba^-n^ 

14 ianflfri dppnsl-d-np 
15. Jj-Vf di^-Jii-a 

1 ^. gi-li^I nam^ng-gitb^a^ni » 

17 - gt-il4f sv^-am 

iS, pa-Mj-fi; oul-jij 

i&-ffdl dh-na-fd lum-ium-it-nt 

20 . du Wiiii-frt gal^tv 

21. ■fni'nKrd^-fta ib-gdi mtt-da~an-ggI^H-ei 

*2. kgfiim-mj-gi~lQg^^^gdi tn«-^y/r an^gM^i-ei 

ItQ-ti JF-kiP-jiig 

24, giiggl-tna tgJam-igg^nt gaf mtt-niHib^rttg-rug bal^mi 

2 ^ ji= ^s/dAFi~ffui mir-icn-%i<-^di m^i 

ad d^-a-/irm-ra di^*ki ui-tr 

27. v-mv^un 3 Nu^m-ri-ib~gdl mu-d^n-gal~li~^l 

3 &. pti-Jir 

gls-M-it^* bar~ii-‘gar 
30. tr Iu~hf hr. 


The tablet on which this text is written is five inches long and 
2 and H inches widt The script is of the mixed cnrsive variety that 
was often employed in the time of the first dynasty of Babvion 
(22iO“i9a4B. C) and the Cassite dynasty {1775-1150 B, C.). "it is 
impossible from the palwt^phy to date the tablet definitely It is 
certainly older than taoo B. C. and may have been written before 
the year aooo B. C. 


dv-fl-aaog-pa is doubtless a variant spellbg of du^asaa^oti. TJ,. - 
el intr^^es an additional word for brightnest. thus emphasUing 

lEterally, "the Und reeds are in the 
appropriate name for Babylonia. 

” pisr-bi'ir, literally " b their nighL" 
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The tablet is rather cardessly written. The scribe made a aiim- 
ber of mistakes which he was conipelled to correct by erasures. One 
w'ould infer that the writing was that of a scribal apprentice rather 
than that of a skilled scribe. 

The god Ashnan of this text is a god of vegetation. His name is 
written with the sign for grain plus the sign for forest. The prom- 
inent role which Ashnan plays in the text is proof that the agri¬ 
cultural interest was uppermost in the minds of the writers of the 
myth. The god Tikku is a person!lied river-bank. The statement 
made near the bi^nning, that he had not created the land, takes the 
reader back to the beginning of Babylonian civilization before the 
overflow of the rivers had been circumscribed by dykes. 

The myth moves in the same circle of ideas as a portion of the 
text discovered liy Dr. Langdop. According to my understandii^ of 
that text, irrigation of the earth was made possible by a marital union 
of the sun-god with the goddess Nintu.^® The tablet now discov¬ 
ered represents men generated by the lord and Nintu after they 
had been planned by Ug. the sun-goA This text presupposes the 
natural generation of men from a union of gods, as the other text 
does the natural generation of irrigation. 

Our new text recognizes that food and sleep are provided by 
god but clothing and houses men had to invent. The description of 
the construction of a reed hut in line ^2 of the obverse is true to the 
form of reed huts that may still be seen in the Babylonian marshes. 

The lines On the reverse of the tablet are at the bglnning broken. 
Apparently some god was addressing Enlil, because all had not gone 
well with men, Duazagga was the celestial abyss, the great abyss 
of the sky-vault. Here it is described as "the way of the gods," 
perhaps an allusion to the milky way, along which the gods were 
supposed to dwell. That men might have more direct help, a dwell¬ 
ing for Ashnan was made on the earth. Thereupon Ashnan created 
plants for food, and sent pi-er the earth the various kinds of rain- 
clouds. This mitigated human misfortune only in part. Two thirds 
of the fold had perished before, but one third still perished. A god, 
possibly Eulil, accordingly came dow-n and founded cities. These 
led to the formation of dans or kindreds: misfortune vanished, aud 
w See the writer’s " Archsotogy asd the Bible," Philadelphia, tpid, p. 384. 
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mca multiplied. This secure life led to dominicm on the part of 
man, and to settled marriage. 

The text discovered by Dr. Langdoii described, according to 
my understanding of it. the beginnings of irrigation, agriculture, 
and the knowledge of tnedtdual ptanu; the new text has to do with 
the origin of t^, the beginnings of agriculture, of city life, and 
of settled marriage. 

Some of the statements in this text remind us. sometimes by 
their form, sometimes by their substance, of passages in the early 
chapters of Genesis. Thus: “ The lord caused them to be and they 
Mme into existence" recalls Gen. t; 3; “And God said. Let there be 
light and there was light.” The statement: “He brought to the 
hand of man the scepter of command,” reminds the reader of the 
isuy in Gen. i :aS God is said to have given man dominion over all 
aniJnate life. “ Companions calllog them, a man 
with his wife he made them dwell ” brings to mind the statement of 

« ?!■ ^ ^ ant* of G«n. 2:24; 

Therefore shall a man leave his father and his mother and shall 
c ca\c unto his wife.” The last line of the new tablet: “At night 
as fitting companions they are together” is the Babylonian cquiva- 
lent of the last clause of Gen. 2:24: “And they shall be one flesh.” 
e text will be published with full grammatical commentary in 

preparing for the University Museum, 
which Will be entitled “ Miscellaneous Religious Texts.’* 

BavK Maws, Pa.. 

April. i9iy. 


THE SOUTH AMERICAN INDIAN IN HIS RELATION 
TO GEOGRAPHIC ENVIRONMENT. 

Bif WILLIAM CURTIS FARABEEL 
(Rraif 14,1947.) 

Man, of whatever race, as we know him to-day is to such an 
extent a product of his environment that we can have very little 
idea of what he was in his primitive state. We sometimes speak of 
primitive men but we mean men in a low stage of culture without 
any reference whatever to dnie or age. There are no primitive 
men, neither is there primitive culture. Both have been so modilicd 
by their environment that they give «s very little idea of what the 
first men and their culture were like. From the beginning both have 
developed in complete agreement with their environment. 

It is said that roan diHers from the other animals in that he is 
aWe to overcome his natural environtnent, Man has been able to 
profit by his knowledge of nature’s laws, but he has not overcome 
them. He must depend upon natural products for sustenance and 
hence is limited in migration and haWtat. In the cold climates 
of high altitudes and high latitudes he is limited by bis food supply 
to the line fixed by nature for the growth of plants and animals. 
In the hot, moist climate of the tropics he is deprived of energy 
and ambition and degenerates. He has not yet overcome nature 
but he has succeeded better than his fellows in adapting himself to 
nature’s requirements. His individual handicap at the beginning 
of life makes for the greater development of his race. His pro¬ 
longed period of growth allows the persistent forces of environ¬ 
ment to act upon his developing body and fit it for its habitat. If 
his migrations do not take place too rapidly or do not extend owr 
too wide a range of geographic conditions these body changes 
become habitual and the race survives. The new characters 
developed are retained. There is some question as to whether or 
not the characters acquired by the ancestors arc inherited, but it is 
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certain: that iJie habitat with all the geographic factory which have 
produced those characters 5 s inherited. If the effect of environ¬ 
ment is upon the individual and does not become permanently fixed 
in the race and if it acts only as an inhibitor in the devetapment of 
characteristics it has the force of an inheritance because it never 
ceases to operate. Hence the race develops true to the environ¬ 
ment. Primitive man must have originated iti a tropical but not a 
jungle country where the environment made little demand upon hjs 
gTOv\ ing intellect. The search for food probably look him tem¬ 
porarily Outside of his first lubitat. .^fter a time the pressure of 
numbers would prevent his return. His customs and habjis would 
change to meet the new conditions. So, no doubt, he haa slowly 
moved through the long period of his history, imm one stage to 
another, from one environmeot to another, and from one develop¬ 
ment to another, These developments were not necessarily from a 
lower to a higher plane. He had little choice; the quest for food 
or the pressure from numbers either called or drove him onward 
from the old to newer fields. He followed the animals and may 
have learned from them to build his shelter and to store his food 
apinst a future need. Necessity developed forethought and made 
him an inventor. The forces of nature were first feared and then 
followed. He became as mobile as the wind and the water by whose 
aid he traveled. After he had thus occupied the habitable globe 
each section coolinucd to develop a culture, peculiar to its own 
environment. Every geographical factor had its influence in this 
development Sea and bay, lake and river, mountain and valley, 
forest and desert, temperature and humidity, wind and rain, sun¬ 
shine and cloud, each and all had their effect in isolating or uniting, 
separating or deflecting, expanding or confining, the migrating 
peoples and in determining their physical development, their forms 
of culture, their economic and political organization. Man has fol¬ 
lowed no plan, has had no standards. Whatever advancement he 
has made has been by chance rather than by choice, by accident 
rather than by eon^ious direction. 

In tile migration of man from his original home probably in 
southern Asia, by way of Behring Strait and North America to the 
tropics again he completed the cycle of climatic conditions. His 
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loii^ and varied experience had niade him wise„ Yet he was con- 
tinualtv on the march. Crowded into the nech of the Isthmus of 
Panama he pushed on through and found another continent which* 
like the one he was leaving* lent itself to a north-south migration 
with the routes well marked. Tlie OrinocOp the great branches of 
the Amazon and the La Plata together with the Andes and the coast 
all offered direct lines of travel, but they all led to har^d conditions. 
The mountains were too high* the forests too dense, the south too 
cold and the tropics too hot to make a strong appeal. But there 
was no possibility of retreat until the farthest corner had been 
reached and turned. By the time of the Discover^' he had overrun 
the whole continent and a return migration was m progress across 
the isthmus and through the West Indies. 

When the first migration entered the continent the people ’.vere 
deflected by the mountains to the hvp coasts. Those who continued 
down the west coast, forced to compete with die r^nk jungle growth 
for supremacy in a humid debilitating climate* were unable to estab¬ 
lish themselves and develop a high culture* So they moved on to 
the interior plateaus where they found more congenial conditions 
and where they left evidence of an advanced culture. 

Those who made their way to the coast south of die equator 
must have been surprised to step out of the jungle into an immense 
desert country* the most arid in the world* stretching away for 
nearly 2*000 milts as a narrow fringe along the sea. Here they 
found fertile valleys* watered by the innumerable small rivers and 
streams which* fed by the melting of the perpetual snowrs of the 
mountain lops* made their way to the sea or lost tliemselves in the 
desert. These valleys separated by tracktesa sands offered both 
food and security* The sea made no calk There were few pro¬ 
tected harbors along the great stretch of coast; no outlying islands 
to be inhabited and no timber for canoes. They became an agri¬ 
cultural people living in villages and using the rivers for irrigating 
purposes* Irrigation gtiaranEced regular crops and hence a constant 
food supply. It also developed inventiveness and cooperation. 
Their common dependence upon the same water supply developed 
social organization and a strong government. As these different 
valleys had the same products there was very little commerce 
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b^tiivccn them and Mch was allowed to dcvc:1op its own cukurc. 
The archscolpgicaJ fcniajiis show the results of this developnieot 
from independent centers. 

Near the sou them end of die continent climatic and topogmphic 
conditions are reversed. The coast and western slopes of the 
mountains arc foresledp Mrhile the interior is a semi-desert. The 
deeply embayed coast has a chain of outlying islands. The steep 
mountains come down to the sea leaving little arable land. The 
forests fumbh an abundance of suitable timber for canoes* All 
these elements of environment unite to force the unfortunate tribes 
who have been pushed along into this region to become a maritime 
people. The inhospitable snowclad mountains prevent contact with 
the interior tribes. They were shut off also from the people of the 
northern coast by rough seas and steep harhorJess shores. They 
were thus limited to the islands and the channels between. Their 
isolation and their hard conditions of life with an uncertain food 
supply has prevented them from developing a high culture. They 
have had no leisure- AH their energies have 'been taxed to the utter¬ 
most to secure their daily bread. 

The nearest neighbors of these canoe people are living under 
is'orse conditions even because they were an interior people who 
have been torced down across the straits into the last point of land 
on the continent, from which there is no possible escape. With hard 
conditions and scant food supply they lead a precarious life. They 
must live in small separate groups in order to make the most of 
their wild foods. These small units have developed a rugged inde¬ 
pendence wiiidi will permit of no control. There is no necessity nor 
opportunity for community effort and hence there are no chiefs and 
no organized government. Left behind and held at bay in a most 
rigorous climate they have done well to maintain themselves even 
in their present culture. Their simple life reveals their origin The 
absence of the canoe proves them to belong to the mainland cast 
of the mountains where there are no navigable rivers and a harbor 
less cliff coast for a thousand miles. The inhabitants of this plain 
have always been hunters and not fishermen 

» ftrnl. >»<i conlSLms , nraibe, 
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became agriculturists but added to their food supply sliellfish from 
the sea. Alany lar^e refuse heaps niark the centers of occiipatioiu 
The Sleep coast range of tuountains prevented them from passing 
into the mlerior ^vhere other cultures are founds 

Along the north coast f rom ihc Amazon to the isthmus repre¬ 
sentatives of the same people occupy the savannahs and the forested 
interior. Here the savannah coast tribes with thdr broader view 
and easy communication in every instance have developed the higher 
culture. 

’Willie the coast poopies have had every variety of climatic condt- 
tion due to the diange of latitude from the equator to the most 
southern inhabited point in the world those of the mountains hav^e 
had much the same variety due to change in elevation from a 
tropical sea level to the highest habitat of man. The mountains on 
account of their great height, hard conditions and lack of arable land , 
served at first only as a barrier to deflect and to separate the migrat¬ 
ing peoples. After a time the pressure of the populations in ihe 
lowland valleys on the west forced the people up the slopes and into 
the high valleys and plateaus between the CordiUeras, Here they 
found the Qninua, the oca, and the potato, the hardiest and most 
useful food plants for cold climates. On the high pbteaiis they 
found among other animals the Llama, one of the most useful 
animals known to man. It offered ils flesh for food» its coat for 
cloUungp its hade for harness, and its back tor burdens. The high 
valley dwellers became agriculturists and traders while their neigh¬ 
bors were first hunters, then herdsmen. The cold, raw winds sweep¬ 
ing across the broad open plateaus drove the people to the leeward 
of the mountains for protection where they formed small communi¬ 
ties, each herdsman having his separate corral* These people while 
living in these remote places were in trade relations wdtli ilte agri- 
ctilturists in the valleys. They had a constant food supply m their 
herds and while conditions of life were somtw'hat severe they were 
secure, contented and happy. The broad horizon and invigorating 
climate stimulated thought. Their occupations gave them leisure for 
conlemplntionp So here among the shepherds music and myth 
reached their highest development. 

In the center of this high plateau area is located a very large 


2S6 


FARABE&-THE SOUTH AMERICAN INDIAN. 


lake with no outlet to the sea. The valleys all led to ihe lake. 
There was no passageway to a more congenial climate. There were 
no forests whose timber could be used for buildings and canoes but 
there w-as abundance of stone in the moujitains and turf in the 
fields for houses and reeds in the swamps about the lake for balsas 
or rafts. Great towns developed on the shores of the bke which 
could be reached either by water or by land. The lake exerted a 
unlFying influence for either ccunmerce or war. Magic gave place 
to a highly developed form of sun ts'orshlp with a priestly class 
headed by a great chief who assumed autocratic power. There was 
soon a desire to extend the functions of this centralized government. 
Following the command of the spirit they moved their center of 
dominion northward across the divide to the head of a fertile valley 
and established a city. Whh the advantage of organization and 
location they easily overcame one group after another of the valley 
peoples who were unable to unite for common defence on account 
of their natural boundaries, Tlius the city became the center of a 
great empire with a stable government and a state religion. The 
arts and industries were encouraged, schools and churches estab¬ 
lished and a high state of civilization secured. 

The large number of tribes inhabiting the interior of tlie conti¬ 
nent ha%'d had a very different histor3', Tlie great plains of the 
southeast have few natural boundaries to confine the people, so 
from the beginning they have dissipated their ciicrgiei in spreading 
far and wide over the whole area without developing one single 
great center. They have exhausted themselves in the running and 
have left nothing qf imporlance behind, 

In the eastern highlands of Brazil away from all migration 
routes and cut off from the coast arc found a number of tribes 
belonging to the same stock. As a whole they arc the most backw'ard 
people of the contmenL Tliey may he a remnant of the first tribes 
to inhabit the plateau region who have been pushed aside into the 
out-of-the-way corners by stronger more advanced tribes who came 
to the plateau in later times. They occupy the only monnlains Cast 
of the Andes which are high enough to form a harrier or undesir¬ 
able enough to serve as place of retreat. 

The rivers and valleys north and south and the low divide on the 
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west all lead to the savannah plateau west of these highlands. This 
became a meeting place for the migrations from all these directions 
and also a place of dispersion. The routes of forward or backward 
migration of three great stocks may be traced to this center, by tribes 
scattered along the way. Representatives of one stock apparently 
descended the La Plata River to the sea and passed along the coast 
three thousand miles into the Amazon valleys another followed 
down the soutlicastem branches of the Amazon, down the main 
fi\er and around the coast to the West Indies j while a third occu¬ 
pied the higher branches of the Amazon and crossed the watershed 
to the north coast. 

Tlie Amazon V'alley, an area nearly as large as the L'nited 
States, Was occupied by hundreds of tribes belonging to several 
different linguistic stocks and all in very much the same stage of 
cultural development. Tlic whole area is well within the tropics 
and shut off from ilic high cultures of tlie west by impassable moun¬ 
tains. It is a humid tropical forest jungle with a most monotonous 
debilitating climate. Nature here is overpowering, because she 
makes life so casj- there is do necessity for effort.' There is no 
struggle of inteiligciice against the forces of nature, because she 
provides the necessities of life ready made. The bounties of nature 
gratify the enfeebled ambition without tabor. The daily needs have 
daily satisfactions. The climate is so mild that little or no clothing 
is required nor any habitations except the simplest shelters which 
may be built in a few hours when needed. There is no necessity 
for exercise of forethought, invention, or ingenuity. There is 
leisure but no energj-. The law of social gravitation does not 
operate because there is no necessity for cooperation. The people 
live in small isolated groups because tliey require space for hunting 
and fishing. Hence there can be no central government. The 
sluggish rivers offered easy transportation. As there w*ere no 
natural boundaries to confine the people and no central authority 
the different groups moved about at will coming into contact with 
other groups of different htocks and mingling cultures. There was 
no commerce because tlie re was no variety of natural products in 
any one area not common to every other. There is little relief of 
land, change of climate, or variety of soil. The culture is as uni- 
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form 8s th« environmeot. A diaracterlcas country Is producing a ^ 
characterless people. The ,‘\nia 20 ii Valley was the last great region ' 
to be occupied by man. There is no evidence of great antiquity^ 
either in aichaological remains or in present cultures. The Jan- 1 
guages spoken show a close relationship with outside groups. The ^ 
cultures, always first to reveal the eflfects of a change of environ- \ 
merit, show certain similarities, but are decadent in form. 

All the evidence at band tends to show that the culture of the \ 
South .American Indian has developed in perfect harmony with his 
geographic environment. 

UwitSBSITV DP Pt.VSSVl.VAKtA, 

ApKI 14, 1JJJ7. 


GROWTH A\"D IMBIBITION. 

Bv D. T. M.^CDOL'GAL, Pr,D., LL,D^ and H. A, SPOEHR, Prt.D. 

(/?«(/ Jfirii IS. iptT-) 

General ‘Considekations. 

The chief purpose of the studies described ia the present paper 
has bceo'to correJate some of the more striking festurcs of growth 
in plants with the action of contribulory factors, and to resolve this 
complex process into its constituent reactions so far as might be 
possible, 

New viewpoints have been sought by the reduction and analyses 
of continuous series of measurements of the entire course of 
enlargement of single organs or members. Experimental species 
were chosen concerning which much was known as to their respira¬ 
tion, transpiration, imbibition capacity and chemical composition. 
The daily, seasonal and developmental variations in such matters as 
carbohydrate content, acidity and swelling capacity of some of the 
plants had already been the subject of various investigations at the 
Desert Laboratory, and additional determitiatfciiis were made iti the 
course of the work. The final or actual increase which is measur¬ 
able as growth, by weight or dimensions is predominantly a hydra¬ 
tion or imbibition process as the increment to any growing cell or 
embryonic region is at least 99 per cent, water. There is immediate 
necessity therefore for a study of factors influencing imbibition. 
Whatever theory of colloidal structure may be adopted, there is no 
reason for supposing that the interpolation or absorption of water in 
a complex mixture of such substances is different in the plant cell 
from what it might be in similar material in the laboratory. The 
protoplast and its envelopes arc undoubtedly a complicated mixture 
of colloids in a state of more or less constant change. 

A successful search was instituted for mixtures which would 
show the same general imbibition phenomena as the living plant, 

l-BOC. AMU. PUU. soc,, VOL, LVf, T, JCLV SO, igc, 
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Gelatine alone has been found to furnish valuable analogies in the 
study of the action of animal tissues* It is not adequate for die 
vegetable protoplast however. Mixtures consisting largely of the 
amorphous condensed carbohydrates such as agar to which is added 
a small proportion of albumen or arnsno-acid are found to respond 
to the action of adds, alkalies and salts in a manner similar to that 
of the plant. 

Some new conceptions of the general nature of respiration and 
its correlation with growth have been made possibkp The origin 
and fate of the sugarparticularly the pentosans, have been made 
the object of extended experimentation, and the results obtained are 
not the least important of those presented hcrevvith. Most of the 
attempts which have been made to ascertain the essential nature of 
growth have been made on the assumption that it 15 a single* simple 
or unified process. Thus for example* much attention has been 
concentrated upon fbdng the loiver and upper limits of growth with 
regard to temperature, and recently mudi has been written concern¬ 
ing the temperature coefficient, A number of authors concur in the 
assertion that within a certain range, generally bchveen 15“ C. and 
30® tlie rate of acceleration b one i^vhich follows the van't Hot 
law of doubling or tripling for every ri^e of lo^ Q* it being agreed 
that no such conformity is shown in the extreme upper and lower 
ranges of temperature. This partial or accidental agrccmetit of 
smoothed curves of growth w ith those depicting the course of simple 
reactions has diverted attention more than pnqe from the funda¬ 
mental fact that growth depends primarily on respiration, imbibition 
and osmosis. Respiration is essentially a complicated swirl of sugar 
disintegration processes which may be influenced in any one of its 
parts by the oxidation potential, by the dearth of material or over¬ 
accumulation of products in any part of the complex. The con- 
cenEration of the various reaction products may exert their own 
direct effect on imbrbition and consequent enlargement. In addi¬ 
tion to, and partly dependent upon the imbibition phenomena, 
elongation may be modi Red by such factors as water-loss. Thus 
for instance, growth upon a rising temperature may reach a point 
where, as a result of tcmpeniture, the water-loss would temporarily 
bo greater than the supply, with the result that a cessation, slacken- 
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ing or sfiortening would ensue unlil an adequate supply reached the 
expanding r^on* 

The proposal of Rahn* to explain the relation of growth to tem¬ 
perature upon the tasis of a direct integration of enzymatic action 
and enzyme destruction does not seem adequate. It is true tha t 
among the reactions upon which the growth of plants depends are 
syntheses or renewals of thermo-Labile material, and upon metab¬ 
olism possibly including oxidation of carbohydrates. Each of the 
separate processes or reactions, enzymatic or otherwise, goes on at 
a rate determined by the temperature, and by the concentration of 
its products, and to an extent limited by the amount of material 
brought into its reactions. The extent to which, for exaraple. the 
sugars are oxidized determines the degree of acidity or alkalinity of 
the cell thus affecting its water relations in a very serious manner. 
Also as will be shown later, the swelling of colloids, and presum¬ 
ably the growth capacity of a cell, may be modified by proteins, 
while its volume or measurable variation in volume is at all times 
a function of the balance between waLcr-accessioti and water-loss. 

Tlic cell jtsdf may be considered as a mass of colloidal material 
variously altered from the globular by pressure and contacts. The 
outciniost layer being of greater density or compactness is usually 
designated as a membrane, and much lias been written during the 
past few years concerning the permcabilit)' and the modifiable semi- 
permcability of such structures. The meristematic or cmhiyonic cell 
with the action of which we are chiefly concerned in growth, is in 
its earlier stages dense and shows none of the cavities or dear 
spaces which form such a large part of the volume of a mature cell, 
w'hile the relatively large nucleus shows even greater density. 

The enlargement of this mass consists to an extent as great as 
98 or 99 per cent, in swelling by the imbibition of water. The rate, 
extent and total amount of such swelling will be determined by the 
character of the colloidal mixture, by salts, acidity or alkalinity 
of the solutions present, and only to a very slight extent by osmosis 
as this process takes place in colloids. Hence turgidity-may play a. 
very minor part in the earlier stages. 

iRahn, O., "Dcr Eiufluss der Temperstur und der Cifle auf Enrvm- 
wirkuTif:, Giimng, iind Wachstum." Bhehem. ZiicKrft., 27; 351, igig. 
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With increase in size vacuoles begin to appear. The active cell 
is usually conceived as a sac with irregular strands of t^toptasm 
extending from the peripheral layers ol protoplasm, the nucleus 
being variously placed in this irregular mass. The vacuoles or 
spaces appearing colorless in living cells and clear lu preparations 
are taken to be sacs containing electrohtes or other dbsolved niate- 
rial. The capacity of these dissolved substances to absorb water 
osnnotically tends to increase their volume and cause distension 
resulting in turgidity or sw*eUing of the cell and in rigidity of the 
organ when whole tracts or layers act in this manner. Tiirgidit>^ has 
hitherto been held to account for the entire expansion of growth as 
noted above. It is now apparent, however, that we are in a posi¬ 
tion to draw a slightly different picture of the mechanical features 
of the cell in what may be termed the second stage. In addition to 
the denser colloids of the wal!^ the lining bver o£ protoplasm^ and 
the nuclear structures^ it i$ known that even in the clear regions of 
the cdl there are emulsions and that the etiiire cell is a mass of gels 
of different composition and varying degrees of dispersion. The 
cell may take water into the vacuoles by the osmotic action of the 
'electrolytes, but the entire mass tends to swell a3 would a mixture 
cif protein, cellulose, agar, gum arabic, starch and other substances, 
and such masses may be modified by tran^piratiou qr dJrect loss 
of water. 

The first recognition of the differential action of acidity and 
alkalinity appears to have been expressed by Speehr and Estili 
who say;^ 

It Ims bccptne rvidctit that the tatail swelling of plants like Otunlia 
bloki^ttna and D, dijtcaM in dibte aolutiDns of acids^ alkalis, and salts repre¬ 
sents the siinimation nf independent reasrh'qns of vgiriDtiifi malcrtal to these 
reagents. Thus, lolntlens of acids, atkalLess and salts iiiducnce the swelhnK 
and growth of these plants by affecting: u) tlae hydral^tion of the proto- 
ptasls; ( 2 ) the materia! that goes to make up the cell^wafl and fibrcnva^lar 
system; { 3 ) the permeability and osmotic properties of the plasma-mcttibrane, 
Ir has been, found that these ihrcc factors can act independently and even in 
opposite directions. Great differences were found in these respects in dif¬ 
ferent portions of the same cictus joint and between j^ung and mature ones* 
the colloidal material of the former showed much greater swelling titan the 
latter in all solutions, and the excess of swelling bi acid media alwve dtat b 

- Report DepL BoL Res. Carnegie IniL of Wash, for 1915, p. 
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ilkalkic 1X1^14 or distilled wa.l-er mucli greater In the 7011x1^: jsintfl. Of 
mterest is the DbEervatlon that the colloidal material from mature joLats 
whkh have been freed as much as possible from the ftbro-vascular strands 
showed a diminution in volume in weak aUcalme solution. 

Mr. E. R. Long also working at the Descn Laboratory made 
some tests of this matter and found that the swelling capacity of 
sections of Opuntia dis^ata as determined by w'eiglung, wa$ less in 
acidified than in neutral solutions and that the swelling was some¬ 
times less in alkaJme solutions than in distllkd water.^ These results 
suggested that it would not longer be profitable to consider the 
plant as a protein gel and that some comprehensive tests tvonld 
be necessary to establish the general colloidal character of growing 
parts^ 

This mistake had been made by Borowikow^ who assumed that 
plant cells would grow in an acid condition like a mass of gelatine, 
showing the greatest imbibition of water in acids. 

Tlie action of plant tissues having been determinedp it was 
attempted to make up mixtures of colloid$ similar to those occur¬ 
ring in the plant which might sho^v parallel reactions* The tech- 
nique and results of measurements of the swelling of plant tissues 
and of plates of collnidal mixtures wdll be given in a separate section 
of this pai>ec It may be said in this place that some highly profit¬ 
able comparisons are made possible by the data obtained. 

The effort to compound colloidal mixtures which might simulate 
living material was extended to include additions of other proteins 
beside gelatine, such as cgg-atbumJn, bcan-aVbumin and of amino- 
acids, tc^ethcr ivith complex condensed carbohydrates as agar. 
This was rewarded by results wliich show^ that small proportions of 
soluble proteins or albumens added to gelatine-agar mixtures 
decrease the water-absorbing capacity of these physical analogues 
of the protoplasts 10 the presence of electrolytes, and suggest the 
highly interesdng possibility that the growth-enlargeitient of the 
ceil might be definitely checked or terminated by the passage of such 
albuminous emulsions from the nucleus to the cytoplasm* The 
Growth and Coltqid HnJraiation in Cacti,” Botan, Gojirtu, 59: 451^ 

Zhehrfi^, 48: 210-246 and 50: 1913, 
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actual quantities ncccssar],- to produce the action described in a later 
section of this paper ivonld be small and in some cases lie beyond 
detection by ordinary mierochemjeal or cytologies] methods. 

Some of the earlier results obtained by a study of the growth 
of opuntias liave already been described by the senior authon® 

The comparison of the action of Of^untia with that of roots and 
stems of peas, beans, wheat, com and oats, etc., led to the inference 
that many of the accepted conclusions concerning growth rested 
upon data obtained from material representing a specialised or 
narrow range of physiological action. An inspection of the records 
of measurement shows that no distinction is usually made as to 
whether the elongation is due to The action of one cmbry^onic tract 
as in the case of roots Or hypocotyls, or of many as in the case 
of stems and leaves. It is al^ to be noted that even in the simpli¬ 
fied action of roots the elongation is a different expression from 
that of such an organ as a sporangidphore. Measurements of 
groiiYth of the tip of a root include the imbibitional swelling of 
younger cells» the combined sw^elling and turgidim effects of older 
protoplasts, with aU of the modifications due to salinity, acidity, 
alkalinity^, character of the respiration, permeability of the mem¬ 
branes and albumen condition. 

The elongation of a stem may include the total action of several 
intemodes representing various stages of the grand period of 
growth, while it may be assumed that in some cases the records of 
leaves represent the variations in length of these organs and of 
one or more Inter nodes. 

The experimental material used in the investigation described 
in the present paper included the conventional subjects, and 
rri/tcMwi, which were tested for purposes of orientation. Chief 
attention however w'as given to succulents which have long been 
known to present a type of respiration different from that of the 
leafy and slender-bodied plants. Fu thermo re, the massive bodies 
of the succulents presented characteristic body^temperature condi¬ 
tions Tivhich could be readily measured. 

The flattened shoots of Opunlia present a single growing region 

• S« MEcDoHEal, “ Mechanism and Condition* o( Cmwth - Afem AT V 

Bof, Gordin^ 6: 5*^, ' JWem. fv, r* 
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of great volume which is active through a long period. Such plants 
are amenable to chemical analyses, and have mechanical qualities 
which make it possible to place the apex in bearing upon an auxo- 
graph lever and secure a continuous record of its activity during 
the entire period of enlargement^ as well as of the subsequent varia¬ 
tions in length. Detailed studies of the course of transpiration and 
respiration of these plants have been made at the Desert Labora- 
toi^T 3tnd the available information on these subjects was of great 
usefulness in interpreting grow^ and other changes in volume. A 
cylindropuntia ivas also tested in order to ascertain possible differ¬ 
ences due to mechanical form. Both lands have a type of respiration 
in which a notable accumulation of acids occur at temperatures lU 
the lower part of the tonic range and in darkness. The leaves of 
Alesembryanthemmu presented different morphological featurest 
but a simitar type of respiration. The massive globose and cylin¬ 
drical stems of Echifwcachcs and Carnegka were also used as their 
metabolism is of a character which does not result in any notable 
accumulation of residual acids in any part of the respiratory mesh- 
The meristem region in both is euiirely terminal, and some detailed 
studies of the fate of the carbohydrates and of the non-atixetic 
variations in thickness and length as w^ell as of transpiration had 
been previously made. 

Growth of Opuntia, 

These preliminary studies brought out the fact that the flattened 
joints of the opuntias undergo most rapid growlh during the day- 
ligivt period, coincident with decreasing acidity and lessened trans¬ 
piration, and that actual shrinkage occurs in maturing joints as the 
result of reactions which are masked during the period of most 
active growth. The entire dcvelopinenl of about forty flattened 
joints has been followed from bud to maturity^ and the changes in 
volume of members in an adult condition have been noted for long 
periods under valying conditions. The dwelling of hundreds of 
specimens from growing and mature joints were measured, and an 
extended series of records of the action of gelatine, agar, albumen 
and cactus mucilage In adds^ alkalies and salt solutions made. 

Unless otherwise stated, all of the grow th records included in 
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tile present paper were made by an improved Idrm of the auJ«ograph 
described by the senior author in Ipi6. The changes in the instru¬ 
ment were for the purpose of securing greater delicacy and accu¬ 
racy. Twelve of these instruments as described on page 330 of the 
present paper were available. 

The joints of Opuntia occupy the beller part of a month in 
developing from a length of 15 mm, ivith a volume of a few cu, cm, 
to a length of 200 mm. with a volume of perhaps 15CH200 cu. cm. 
The entire mass of this member remains in an cmhry^onic or elon¬ 
gating condition until nearly mature* ihe development of w'oody or 
permanent tissue being very light during the first 20-25 days. It 
may be conceived therefore as a thick plate of protoplasts in all 
stages of development from the earliest when enlargement is a result 
of imbibition alone, to a state approaching maturity where the 
osmotic action of the electrolytes 111 the vacuoles maintains a turgid- 
jly indicated by the fact that expressed Juice show s a possible pressure 
of 5 ® atmospheres. Temperatures were established or taken by 

thermometers wnth thin bulbs thrust into similar members in close 
proximity, and as been mentioned else'where in this paper^ the 
temperatures cited are those of the plant instead of the air as is the 
case in many of the papers dealing with growth {Fig, l), 

A feature prominently emphasized by cnir studies is the interde¬ 
pendence of eifccts. The influence of any one environic agency is of 
course affected by the intensity of action of other agencies influenc¬ 
ing the plant. This is well illustrated by the behavior of O, discat<i 
No. 14, with respect to temperature, A young joint in the form of 
a flattened naked bud of this plant was followed from Feb, 28, 1916^ 
to maturity, about April 30, 1916, and then its further alleratiotis 
in volume until June 7, J916, at which time disks were taken and the 
swelling capacity of the tissues determined, I^ieasuremcnts of 
growth for every moment of 62 days, of reversible alterations 38 
days and of final hydration capacity are available together with bodv 
and air-temperatures. 

The plant stood on a cement bench near the glass of the southern 
end of a greenhouse and exposed to normal illumination as modified 

by (he glass. It was kept in bearing with a precision anxograph 
in such manner as to reduce errors to a raininmm. The foMoxving 
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entries are cited from the notes accompanying the auxogrephic 
tracings i 


Elongating at 12® C. and below on March 2, with 


Fic. 1. Joints of OpMnti^ Sp. The yotmgest stage at which ^owlh 
measuremenU were hegnn Is illustrated by the small figure at the batlonL 
Successive stages arc denoted by siie. The largest figure Is that of a tttiture 
joint bearing Qowerbuds. Longitudinal section of joint on the right. Growth 
throughout the entire joint durtfig its development is denoted by the increas¬ 
ing distances between the nodes denoted by the dusters of About 

one third actual size. 


the same temperature: Elongatian began on March 23, after a 
night of shortening* at a temperature of iS“ C-p and under similar 
conditions, but with ait temperature falling to C. growth began 
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at 14* or 15* G. on the £4lh. Growth began at 14* C. on March 
25 and at some pomt between 15.5* C. and 17.5“ C, on the aCih. 
Growth began at 17® C. after a night of shortening, at 19® C. on 
the 3tst after a night of shortening, at 15“ C on April i, at 18" C 
on the 2d and 3d, at 14“ C. on the 4th and 5th, at iS* C. on the 
6th, i6* C on the 7th, at 18* C. on the 9th, 19® C. on the iith, 

18* C. on the 12th. at 13* C on the 13th, at 17® C. on the 14th, 

22 C on the l8th, 17° C, on the 19th, above 20® C. on the 19 ^^, 

and 2J • C. on the 20th. 

Similar eKperiences with many other growing joints are in our 
records. Thus we have the entry that on March 31 all growing 
joints under observation began elongation at temperatures ranging 
from IS® to 19® C. This single growing member began elongation 
m temperatures rising from 9® to 10® C. early in its development 
to 12 to 22® C. in its more advanced stages. Another joint. No. 
2, began its daily growlh at temperatures as follows: 


March 24, io;oo AM,... 
28- 8:30 " .... 

29, Sl^Q “ .... 
31. 9i4o “ .... 
April 1, 8*40 " 

2, 9:00 " .... 
2r 8:40 .... 

4. 8:30 *' .... 

5 . 8:40 " .... 

6 . 8:3s " 

7 . 8j30 " 

9 . 8:4e ** .... 
IP, 8!30 ” .... 

11. 8:se ® .... 

12, 8:00 “ 

* 3 , 11:30 “ .... 
t4. 10; 30 “ ..,. 


- -- 

■■ 1 r .- . . 

..2I.S® C 


■ 44 ... 

-. 23 ® C. 


■ 44 ... 

C, 

4- i -4 4 - 

■ . 4 i 4 . 

-m’ C 

--- 

- 44 ... 

- w® C 

*1 IT.H.. 

- 444 .. 

..aiy c 


■4 44 . . 

-ao" C. 

-■ 4 # 4 F i-.. . 

■X 4 **. 

-2i.s*C 


■- 4 *. . 

- ■2£S® C. 


■ 4444 , 

-23" C 

W, .. 

■- 44.4 

■*?3* C 

■■■■■ 44 -. 

-■ --i- 

..i4-S’C. 

. .■. . 14 -. 

^■. 4 .. 

.•25* C. 

w m m m . 14 -. 

-^i 4 .. 

.. 17 ® C. 

■■■■V-T. 

^■ 4 i.. 

..19* c. 



,.i6’ C 

'-■■»i 44 ' 

'^ 44 .. 



The temperatures of the body at which growth ceased likewise 
showed great variation as illustrated by the behavior of No 14 
Thus on March 28. 1916, elongation ceased abruptly when it reached 

at 3 o C. at 1.30 P.M. on the 25th; at 28® C. at 2:30 P.M. on March 
3 t>. the temperature having been above that point since 10 A M • a^ 


























MACDOUGAL AND SPOEHR—GROWTH AND IMBIBITION. 25 ^ 


39” C. at r P,M. March 29; at 35° C at 1:30 P.M. April 4; at 
32* C at 3 P.Mh April 5; at 36® C. at 1:30 R^I April 6; 37^ C 
at ^ P,M. April 7, Th^ upper teinperature limit is given in other 
records included in the present paper, the extreme highest recorded 
h^ing 51,5* C. 

A second series of cultures for observation of growth and 
temperature were arranged at the Coastal Laboratory, Carmel, Cah- 
fomia, in the summer of I9 i6h PrcparatjOTi$ consistiiig of an old 
joint with roots Avere placed in a dark cliamber tn which tempera* 
ture could be ooiittolkd. The basal joints from Avhich the buds 
arose hdd a supply of reserve material quite adequate for the de¬ 
velopment of the etiolated shoots. Some of the latter were grow¬ 
ing vigorously six months after the close of the tests describecL 

These tests Avere made under conditions different from those en¬ 
countered by the plants in the open in tAvo imporlant essentials^ vis.: 
the temperature did not rise to a daily maximum and fall to a 
nighlly minimum, but A\"as iniLintained at hxed levels or varied as 
described and the action of light VA^as excluded except for brief 
intervals Avhen observations Avere being made. The effect of such 
conditions Avould be to exclude the disintegrating action of light on 
the acids resulting from respiration, and also to make photosyuthesiU 
impossible* Both of these features contribute to the daily variation 
in growth of plants in the open. GroAvth of shoots m darkness 
may be taken to be normal otherwise, so far as respiration and im¬ 
bibition are eoncemedn 

An etiolated shoot of Opuntia discata w-hich had arisen in the 
dark chamber in which it had been placed tn May, 1916, having a 
length of 65 mm. and a width of 15 mm., was chosen for the first 
test, which was duplicated by bter ones* The container in Avhidi 
the plant stood Avas fastened firmly in place and an auxograph Avas 
brought into contact with it adjusted lo record alicrations in length 
magnified twenty^ times. A small thermometer Avith thin bulb of 
the '"dinical type was inserted in the old joint near the base of the 
young shoot and its readings taken to be those of the groAving organ. 
The difference betAveen the two could be only very slight. The 
amount of grOAMh displayed by the shoot on five successive days 
was y. 2 , r, .1, 1 and r.i mtn. at temperatures of C., July 


300 ilACDOUGAL AND SPOEHE—GROWTH AND IMBTSrTION. 


21-25, Currcm was now turned on an electric heater, July 

25, 10 A.M., and the Ofuntis reached 25® G. about 6 P.M, 

litty 27j, ipi6; 4:30 P-M,—A growth of nearly 3 mm. had oc¬ 
curred in the previous 24 hours at a temperature of 24“ C and 
= 5 “ C. 

s8j It :oo A.M. Growth during the previous l&,5 hours was at 
rate of 3,6 mm. per day, 25" C 3:00 P.M. Grriwlh for previous 
4 hours was at rate of 3.9 mm, per day, 25® C. 

Current off and plant cooled to 18® C. at midnight—in 9 hours. 

8:00 A.M, Growth during previous 8 hour? was at rate of 
3‘3 tnm- per day at iS° C. Josoo A.M, Growth of .2 mm. in 2 
hours was at rate of 2.4 mm. per day, tS^i?® C., which was double 
the rate displayed at the same temperature before being heated. 

4.00 P.M. Growth at rate of 2 mm. daily during previous 6 hours 
at 19“ C. 


ten nours wils at 




30, 7-00 A.M. Grow'th during previous 
of -2^ mm. daily at 19® C. 

3/, 7:00 A.if. Grow'th of 2,4 tnm. during previous 24 hours at 
iS“ C. 

Aifj. 6:30 A.M. Growth in previous ig hours was at rate 
of 2.6 mm. daily, at ig-19* C. 

The plant failing to return to the initial rate of about i mm. 
daily, the heater was again jmt in action and the plant had a 
t^perature of 38° C. at ii A.M. Growth during this rise of 
9' C. in 4.5 hours was 1 mm. or at rale of about 54 mm, daily. 

The temperature was held constant to within a degree but the 
rate was 6 mm. daily during the first 6 hours, then 7.2 mm. per dav 
during the next 3.5 hours. ^ 

2, 8:00 A.M. Grmvth at rate of 8.04 mm. per day during prevr- 

°"V' = ' 7 ™ 7 =;<” PM- p„vi«„ 5 L„ 

10.8 daily at C. 4™ P.M. Saw durinj pra,i„„a , 

hoara .a mm. daily at as- C. 9:00 P.M. Rale 9 „,m.'dail, duri J 

previous 5 hours. ^ 

temperature fell to i6® C. in 4 

3 . 8100 A.M. Hate of a.9 mm. daily datinf p„v™ y hoot, „ 
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C £xx> RM. Rate 24 mm, daily during previous 6 hours 
at 18-16* C, 

Heat was again turned on, and the control set at 25* C. This 
point was reached in 2 hours. The rate during this time was 4.S 
mm. daily. 9:00 P.M. Rate 2.7 mtn. daily during pre^ous 3 hours 
at 25“ C. 

4, S:oo A.M. Rate 6,6, mm. daily during previous 9 hours at 
25*5* II :oo A.M, Rate 5 'fi mm, daily during previous 3 hours 
at 25“ C. 

Control reset and temperatures of 32* C. were readied by 3 P.M., 
the rate during this period of 4 hours being 6 mm, daily. The 
temperature rose from 32“ C. to 36® C. during the next 3 hours. 

5, 12 Noon. Rate 9.6 mm. daily* during previous 4.5 hours at 
34''35’ C. 3:15 P.M. Rate 9.9 nun. during previous 3.25 hours. 

Current was now cut to reduce teniperature as follows: 345 P.M. 
Temperature 26* C. 5:30 P.M. Rate .5 mm. in 1.25 hours at 
29* C. at rate of 9,5 mm. daily. 8:00 P.M. Rate S.i mm. daily 
during previous 2.5 hours at 27* C. 

d, &:oo A.M. Rate 7,2 mm, per day during previous 12 hours at 
Z 4 ’ C. 

Earthquake disarranged record. Current cut off, 7:15 P.M. 
Temperature 19* C. 

7, S;oo A.M. Rate of 3.2 ram. per day in prexoous 12 hours at 
18° C, which fell to 2,S nun. per day during following 2 hours at 
18* C 

The shoot was now 12.2 cm. in length. Record was discon¬ 
tinued until August 14, during which time the plant stood at 16- 
l8* C. and gained 18 mm. in length, or about 3 mm. per day. 

/y. Current on heater at 2 P.M. resulted in a temperature of 
23* C. at 9:15 P.M. 

rS, 8;oo A.M. Rate of 2,t mm, during previous 10 hours at 

23" c. 

/p, 8 ;cx 3 .A.M. Rate of 3.3 mm. daily during prerious 15.5 hours 
at 25* C. 

2j, 8 :oo A.M. Plant had stood at 25* C. for 4 days. Rate dur¬ 
ing previous 16 hours was 3,7 mm. per day at 25* C. 12 Noon. 
Rate 7,8 mm. per day during previous 4 hours at 25" C. 
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rs. 5:00 P.M. Rate 


Watered and record disturbed for 2 hours 
7,8 nutu per day at 25* C. 

-V» S»o A.M. Rate 5,7 mm. per day for previous ic hours at 

25* c. 

2’5, 8 XX) A.M, Rate 6 mm. daily, 25® C. 

Control reset and as temperature of the body rose the rate cal¬ 
culated in 2 hour intervals increased from 84 mm. at 27* C, to 
9‘<5 mm. at 29® C. and 10.8 mm. at 29.5® C. 

^ 6 , 10:00 A.M, Rate was substantially maintained at 29® C., 
being 9,6 mm. for the forenoon. 2:00 P.M. Rate 114 mm. daily, 
31-5® C. 4 X )0 P.M. Rate 11,4 mm. daily, 32® C. 

^7, 8x)o A.il, Rate 3.9 mm. daily at 17® C. ii;oo A \f 
Rate S‘8 mm. daily at 18® C. 10:00 P.M. Rate 3.8 mm. daily at 
18® C 

8;oo A,M. Current on for higher temperature. 9:15 A M 
Temperature of 32® C. was reached aud 39® C. at ll 130 . 4 .M. One 
hour later at 12:30 midday, the rate was 7.2 ram. per day at 39“ C. 
1:3o P.M. Rate 4.8 njm. per day at 40® C. 2:30 P.M. Rate 3.6 
mm. per day at 40® C. 3:30 P.M. Rate 48 mm. per day at 40" C. 
5:30 P.M. Rate 1.8 mm. per day at 41.5” C. 7:30 P.M. No 
grou'th had taken place in the previous 2 hours. 9130 P.M. Rate 
of 3 -® mm. daily, the tempfcrature having fallen to 36“ C. 

.Another shoot of the plant used in making the preceding record 
being available, an auxograph was put in bearing with it when a 
length of about 150 mm. had been reached on August 29, 1916. 
The rate varied from about 15,6 mm. to 204 mm, daily at 35* C 
(o 37“ C. The temperature w'as raised from 36” C. to 47® C. in an 
liour and a half on the third day, elongation stopping when this 
point was reached. During the second hour and a half the tempera 
lure was allowed to fall to 43* C., growth being resumed above 4,®’ 
C. and continued at a rate varying from 10.S mm. daily in the first 
hour, 6.6 mm. daily during the following four hours, to 8.4 mm 
daily during the sixth hour. The temperature being raised to 46" 
C. in twenty minutes, growth stopped at that point. Shortening 

Z ^ r ^ t-^-^Perature was brought back 

44 C. at some point above that temperature. The shoot ap- 


MACDOUGAL AND SFOEHR^ROWTH AND IMBIBITION. 303 


pearctl to be slightly lunp* suggesting^ that elongation and shorten¬ 
ing might be a matter of the balance between water accession and 
loss. 

The shoot was now subjected to a temperature above 43^ C. con¬ 
tinuously for two days, the maximiim being 52* C. Its body 



Fic. 3; trsLcbg ol v^iriatiflnj in length of shoots of Opunttn 

at high t£ttipei4tures in dark room at Cariiid( Septariber ip The sheet 

ii ruled mto tVi^o 4 iauT periods by ares and the 10 mm. homocital lines of the 
mtllitnettr sheets arc rtproduced. The variation io length is magiiifitd 36 
dmes. {a) Downward movement of pen yjjo A.M, to 9:40 A,M, denoting 
growth at tentpermtures of the stem of 45'* to 49* C ( 5 ) Growth checked 
for 20 micutes at 49'' C (cj Growth restimcd at tcmperaluie of 49® C. (d) 
Shortening at ^.5'* to 52*^ C. U) Stationary at C- </] Growing at 
temperatures of 46* to 49* C (ir) Shortening at 49® G (/i) Growing at 3S^ 
to 41® C {fj Shortening at 49® C 
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was then brought down to 25“ C* and after twelve hours 
at thi^ point it showed rales of 54 mm., 6.6 mm., 6.6 mm. and 3.4 
mm- daily for two days as measured at two hour intervals. The 
temperature was now raised to 35“ C at which the rate was 16.4 
mm. to 16.8 mm. daily for an entire day. This rate was fairly 
duplicated on a second day^ but with a somewhat wider variation, 
the rate tanging from 15.6 mm. daily to 22,2 mm. daily (Fig. 2). 

The etiolated shoot of a second Opuntia elongated as follows: 

Rate of I mm. daily at ig" C. 

Rate of 1,3 ram. daily at 15.** 

Rate ol .7 mm. dally at 15^ C. 

Rate of .S3 men. daily at 15-18"^ C 

Hate of 1,08 ram, daily at ly-iS" C 

Rate of 1.44 ram. daily at iS-igis® C 

Rates of I, 2, 1.2, 1.15, .85 and i mm. per day at i6^iS° C. 

The preparation was moved into control chamber and the follow¬ 
ing results were obtained * 

Rales cif 3, 3, and a rant, daily al 2fi“ C- 
Rales of 3^ and 3^ mm, daily at 36“ C 
Rate of 4.2 nun. dally at ag” C. 

Rates of 3 j 5 > 6.7 and g.6 min, daily at 30® C, 

Rates ot 114, 11.4, B.4, 9.2, and 114 mm. daily at 31.5-33* C. 

The heal was now oit off and rales of 4 ram. daily at 17“ C were 
displayed. 

Rate of S-7 mm. daily at 18.5* C 
Raie of 5.3 mm. daily at ig* C 

iTie temperature being raised again from l8° C* at 8 A*M. to 
39“ C. at 12130 midday, a rate of 8.4 mm. daily was displayed during 
the first hour* 

The continuation of similar temperatures during two days was 
attended by sustained rate of 18.6 to 19.2 mm, daily (37-38“ C). 
After three days at this temperature it was raised from 37“ C, to 
4 S° C- in 1.5 hours during which time the elongation was at the rale 
of 13.2 mm. daily, and groivlh slopped entirely at 45“ C Some 
shortening now ensued* but at the end of an hour and a half elonga¬ 
tion began again at 46“ C., and ^vas maintained at the rate of 25 
mm. per clay for an hour, and the tot.il for the four succeeding hours 
at 46° C. was a rate of about 2o tnm. daily, which was not exceeded 
by any rate at lower temperatures. Tfie rate during the sixth hour 
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rose to 204 mm. daily at 45° C. The temperature being raised to 
49^ C during the nestt hour, elongation ensued at the rate of 1S.7 mm. 
daily until il was checked at 48.5® C. The period of checking was 
not measured accurately, but after an hour with the tempemture still 
between 48* C. to 46* C the rate was 19*3 mm. daily* It ts thus 
to be seen that the maximum is maintained up to very near the point 
of actual cessation of growth, an experience duplicated scores of 
times with green plants in the glass house at Tucson. It was noted 
that the air temperature was 40° C. and 41 C- when the plant was 
at its inajtiintun of 48^ C and 49^^ C. Similar differences have 
probably gone unnoted in the observations made by many workers. 

*After the experiences described above the plant reinaincd at 
45° C. and 46^ Ch over night without calibration* Measurements 
begun at 7:30 A.M. at 45® C. Elongation during the hour and a 
lialf ill which the leniperalure rose a degree and a half (to 47.5*^ Ch) 
amounted to .95 mm. at a rale of about 15 mnu daily* Continued 
rise of temperature was accompanied by lessened growth which 
did not cease altogether until 49* C* w'as reached. Elongation was 
resumed at this temperature how^ever after 20 minuteSj but was 
checked again. The temperature w^as now raised to 52C* for a 
half hour with an air temperature of 43* C. Reducing the tempera¬ 
ture to 49^ C. w ith an air temperature of 41C. resulted in a growth 
of .4 mm. at a rale of 9,6 mm* daily ^ Similar changes resulted in 
starting and checking growth in much the same manner. At the end 
0 f the day the chamber was allowed to cool to give the plant a con-^ 
5 tant temperature of 25® C. and after standing at this temperature 
for 12 hours measurements were made to determine the rate at this 
point. 

The rate at 25* C on the follovriug day varied from 9,6 mm, 
daily in the morning to 12.6 mm. at 26.5® C,, then to B.S mm. daily 
at the close of the day at 26° C. No measurements were made at 
night but during the tw^o hours beginning at 8 A.M* the rate was 13.2 
mm. daily at 23® G.j^ after which the temperature was raised to get 
values for the next ten degree interval. A rate of 17.9 mm. daily 
was found between 5 P.M. and 10:30 P.M. at temperaiurcs of 

34-37" C. 

The plant now stood over night at 34-37* C. at a rate of 27 mm. 

rnoc* AHW. ?KiL. SOC, VOL.* tvr, tJ. JULY 30, igij. 
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daily, which decreased to 21,6 mm. daily at a temperaturt kept 
within a narrow range at 35* C This now being gradually raised 
to 40* C. in a six hour hitenial the rale at first fell to 19.2 mm. daily, 
then rose to 29 mm. daily^ the maximum when measured at two 
hour intervals. Almost any rise in temperature up to about 46"^ C, 
seemed to be followed by a temporary acceleration in rate. 

Two younger shoots had arisen from the second Opuntia during 
these tests and had attained a length of about 30 mm. during the 
previous ten days. These were designated as A'" and B." 

The temperature of these young shoots u-as between 25-%|5* C. 
during most of this titne^ and for a few hours rose to 52* C. as 
described in connection with the tests with other shcxits. Separate 
auxogtaphs were put in bearing with the two shoots and ther¬ 
mometers were arranged to take the temperature of the basal joint 
from which they arose and of one of the other growing shoots 
near by. 

The interest attached to the detail of the growth of these two 
shoots warrants the transcription of the complete record. 


SepL 


E, COTitmued* As so&n as the instruments were adjusted, the rem- 
peratures which were standing at 30^ C were hy 

the use of an additiorilil heater giving the following records: 


A £f 


6: do A M. 

Both growing. 

9:00 “ 

Both growing. 

lO:oo 

Both growing. 

10 : JO ** 

Both growing. 

tl:oo ** 

Both growing. 

12:30 B.M. 

Both growing. 

Growth stopped in both. 

12:45 " 

Growth starting. 

1:30 

Both growing. 

J : DO ** 

Both growing. 

2: IS 

Both growing. 

4:00 “ 

Stopped. 

4^35 

A HltJe growth in both. 

SJJS 

Sortie growvh. 

fit 30 

Some growth. 

7:30 " 

Some growitiH 

9:jo " 

Stationary. 


6. 7: JO A.M. Shortenidg but had srown until four hours 
before. 


jq* C. 
35 

37 - 4 ® 

41-45 

43 

46-47 

43 

47 

50 

4^S 
4 $ + 
49 + 
49 + 
4S + 

St* CL 
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3 : QG am. 

Stall 


4 B 


SutioitOTy. 


45 - 4 ^ 


Ju^t bcsinnuif to gtow. 

4 d.Sr 47 

10 TOO 

Short citing. 


46-45 

ti:oo ** 

Stall cm ai^f. 


45^5 

uzroQ M, 

Sfationaiy. 


47 

l^W FrU. 

Staiioa^f^ 


S 

1:30 ” 

StatEOtiary. 


47 $ 


Shortening. 


49-30 

6;od “ 

Shortening. 

« 

4 S,S -49 

7:30 

Shortening. 


49 

7 . 7: JO A,M 

Plants had shortened until ptn was above 



sheet and the 

temperature now stood 



atSJ'C 



S:oo ** 



45-47 C. 

S: 4 S " 

No actioTi. 


41-14 


No BctEon. 


42^ 

9:20 

No action. 


41,5-43.5 

9:50 " 

No action. 


42 

10:30 ” 

No action. 


42 

11:00 ** 

No actlofi. 


40 ^ 5-4 iS 

12:30 P.M. 

No action. 


4^43 

2:00 “ 

No action. 


39 

2:30 “ 

No action. 


3 ® 

3 - 00 ** 

No action. 


37 S 

r-50 

Growth beginning. 


37 

S!« ^ 

Growih checkeci 


38 

By 7:30 

5JB mnL dail^. 

mm. daily. 

31 

10:00 “ 

3j 8 mm. daily. 

3-3 mm. daily^ 

31S 

10: JO 

Shortening. 

33 

4:00 F.Bl 

^4 n^m. dai^. 

5.2 mm. daily+ 

32 

9too ** 

3.0 mm. daily. 

3.6 mm. daily. 

3 E 

9. 7^30 A,M. 

44 mm. daily. 

5j 0 cum. daily. 

3 ei 

10:00 “ 

1.9 mm. daily. 

54 mm. daily. 

JO 


Reset 



1:30 P.M. 

1.9 mm. daily. 

±.9 mijir daily. 

ja 


24 mm, daily. 

4J& mnir daily. 

31 

9-30 " 

19 mm, dally. 

40 cnnir daily. 

3 * 

10^ S: GO A.M4 

1.7 mm, dailyi 

4^ nmt. daily. 

ap 


(For 10.5 hours.) 

(For 10,5 hours.) 



Temperature raised to 39" at nooit 


la: 15 PM. 

Cheeking. 

(ivO mm. daily. 

39 

S^oo " 

Stopped. 

SjO mm. daily^ 

39 

9. JS 

Slopped. 

7.9 ram, daily. 

39 

!j, AM, 

Stopped. 

S.4 ttm;^ 

35^37 


(During entire night) 


10:00 ^ 

Stopped. 

7.2 mrur daily. 

36 

11:00 ” 

Stopped. 

12,0 mm, daily. 

37 
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2:00 

RiL 

Stopped 

I 0 j 8 mm. daily^ 

41 

3: JO 

■4 

Sioppcd 

6.0 mm. daily^ 

aa 

7iJO 


Stopped. 

Ri mm. 

37 

IS, 8: 00 A.M. 

Stopped. 

S.6 nun. 

37 




(All night) 


It :oo 

M 

Stopped 

13^ mm. daily. 

3^5 

1:30 

RM. 

Slopped 

mm. diily. 

37 

3 30 

n 

Stopped 

0.0 mm. daih^^ 

39 

5 nPO 

14 

Stopped 

12.S mm. daily. 

JS 

6: 00 

u. 

Stopped' 

10-8 mm. daily. 

3a 

7:30 

H: 

Stopped. 

13.5 mm. daily. 

ja 

9:30 

kk 

Stopped 

13.II mm. daily. 

JS 


The behavior of green opuntisu in daylight was tested in March, 
1917. at Tucson. Preparations Consisting of a rcsoted joint from 
* which a flower bud was arising were placed in the south end of a 
glass house in an equatorial posidon. The temperature of the body 
rose to 40* C. and 43“^ C. by the heat of the sun after 1 Addi¬ 

tional heat w'as supplied by tungsten incandescent lights so that 
the temperature was raised to 49^ C in an hour at which point 
elongation ceased. The temperature following same rising curv'c 
reached 51 - 5 ^ C- a half hour later at w^hich elongation vras resumed, 
and Tivas maintained at temperatures of 51* C. to 51.5'' G. for an 
hour and a half when it ceased. This behavior is in accordance 
with that of etiolated shoots illustrated in Fig. 2. On the folloiv- 
ing day the temperature near midday, which was aboA'e 40“ C, by 
the sun^s heat, was raised to 48"^ C, and 49* C for a half hour 
by additional heat from a tungsten incandescent light hnlb* Growth 
continued at a rate near the maximum. In an additional prepara¬ 
tion a bulb for heating not regulaled properly raised the tempera¬ 
ture of a portion of the joint 73“ C for a few minutes, resulting 
in the death of a sector within the next two days. The young shoot 
arising from the margin of the injured area probably reached a 
temperature of 65* C. or 70" C. as some of the outer leaves w'cre 
blackened. Growth was checked at once but Vi^as resumed eighteen 
hours laier and continued for two days with the customary mid¬ 
afternoon shortening. 

The gas interchange and variation in the concentration of the 
residual acids has been worked out in detail in Opunlia versicahr. 
Some available data show that the platy opuntia used so extengivdy 
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ia this work present an idenlkat type of respiration. That the 
course of growth was similar in its general features was evidenced 
by the records of the two plants which were under observation for 
some time. Elongation begins with full daylight and assumes its 
highest rate near midday and then checks abruptly about i P.M. 
Shrinkage continues from this time until daylight of the following 
morning. The end of the growing period is marked by a decrease 
of the midday elongation and by increased shrinkage which equal- 



Fic, 3. Auxograplnc records 0/ growth of jomt of OpuHlia versicolor. 

Al. Record April 10 to .April 15, 1516, rapid midday dongation of joint 
near the majcinium of its graiid period. The first occurrence of shorten¬ 
ing at S- 

B. Record from April i 3 to April st. 1516, Slight diminution of dailj- 
growth and accentuated contraction at night. The temperature record applies 
to this penod. 

C Record frcia April 2 $ to April 2g, 1916. Iiicre^i^Ing reversible varia- 
tion wi length with ccis^Uion of growth. 


ixe each other while allowing a great tola! variation in length (see 
Fig* 3 )- 

The general facts as to altei-ations in volume of by 

growth and other changes, including shrinkage, are in accordance 
with those previously described,* Elongation takes place chiefly in 
the first half of the day both in mature and growing joints. Shrink¬ 
age, slackening or stoppage of growth ensues after midday and 
continues for a vary-ing period which may extend until the follow¬ 
ing morning. The type of respiration of these plants is one in 

® MacDmigal, D, T., " Mcchanijtn and Conditions of Growth,'" iv 

y, Boi. Cariicit, 6: 5-36, 1516. 
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which residual acids accumulate at low temperatures and in dark- 
Acidosis decreases imbibitioii. Growth begirsning w'itli sun¬ 
rise show^s an acceleration parallel to the dcsinlegration of the clogging 
acids and the rising capacity for imbibition, till midday only. The 
retard a iton after this may not be ascribed to lessened pow'er of imbi¬ 
bition or to increased transpiration as water-loss is not greater during 
this time and the capacity of the plant contlntics to increase until 
near tbe end of the daylight period. The catise of the retardation 
cannot be identified with the direct action of lights nor docs it seem 
warranted to assume that the " supply of building material becomes 
exhausted, as was previously suggested by the senior author. The 
nature of the stoppage suggests the inhibiting action of respiratory 
products or iJie destruction of an enzyme. Respiration In Opwntia 
is profoundly affected hy light as has been shown by its effect on 
acid-accumulation and destruction. Yet no immediate effects were 
secured by exposure of growing members to the action of menmry 
vapor quartz lamps with an intensity equivalent to normal sunlight 
at 2 meters distance^ for periods of one to three hours. It is note¬ 
worthy that the characteristic retardation or stoppage docs not take 
place in the first few days of the development of the bud, and that 
the leaves of AfesfmbTyanthctnurn exhibit a similar beha^nor. Tbe 
young shoots of Opmitia in tliis stage are not more than S to 12 mm. 
in lengthy i to a mm. in thickness and are all but hidden by the 
slender conical leaves. The joint as well as the leaves are In a state 
of extreme Imbibition. The character of the respiration under such 
ccindiLions is in all probability such that acids do not accumulate and 
other by-products are modi lied with the result that the daily decrease 
in imbibition capacity is not experienced, A similar behavior attends 
the development of Lhc flower buds. That retardation and stoppage 
as obser^^ed in hundreds of instances could not be ascribed primarily 
to tcjitperaturc seemed to be established by the great variaLton in the 
point at w^hich grosvth might begin or cea$e. 

Growth began on rising temperatures aL 9* C. to 25* C, in the 
same green plants on different days at Tucson atid was noted at 
50* C- in flower buds, Tbe continued rise of the tenipcniturc 
resulted in a stoppage of elongation at temperatures between C 
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and 43* C, in the plant which has been cited, with 3 final limit of 
temperatures of the body of 51.5" C, in some other extreme cases* 

Growth of etiolated shoots of a nearly related species in a dark 
room iiva$ i ram. or less per day in members at body temperatures 
of 15* C. or 16’ C. Rates of a to 2.6 mm, daUy at i6* C. to t8’ C 
were followed by 8 to 12 mm. daily at 27" C. and 28* C. yielding 
values of 3 to 4 mm. for a rise of 10' C. Rates of 3,6 to 7.8 mm, 
daily at 24® C. and 25° C being compared with 84 to 10,3 mm. daily 
at 29® C. to 32* C. show a similar coefficient at 2g® C. to 31.5° C. 
The meager records at 35° C. and 36* C. yield rates of 10,2 to 13.2 
mm. daily. Observed rates at temperatures above 32” C. or 33° C. 
in the shoot showing such rates were not readily to be integrated 
with these results, and growth ceased at 41.5® C, in the shoot yield¬ 
ing them. 

The second shoot of the same plant show-ed rates of .85 to 1.2 
mm. daily at 16® C. to 18® C; 2.9 to 34 mm, at 26“ C,. and 13.2 
mm. daily at 35” C.; 20.4 mni. daily at 46® C, and 18,5 mm. daily 
at 48.5° C. 

The highest observed rates, both in green plants and in etiolated 
shoots, were those immediately preceding cessation of growth? a 
daily occurrence in plants exposed to normal sunlight. 

Accepted conclusions as to growth include an optimum at which 
gro'W'Ut proceeds continuously at a high rate, and above which the 
rale is higher for a brief period then falls off. Some of the records 
are conformable to such ideas and others are not. The two shoots 
of the same plant subjected to the same treatment did not agree in 
this matter, as may be seen in the preceding pages. It is conceded 
that our experiments were not arranged to bear critically on tiiis 
point. It is to be noted that growing shoots in the open may cease 
to elongate at temperatures as low as 26“ C. which would be below 
any optimaiii hitherto suggested. Hundreds of observations of 
such cessations under external conditions supposedly favorable to 
continuous growth are available. The facts in question seem to 
lessen the importance and llic usefulness of the term opthnum levi- 
pcratiire. 

The results of measurements of growth of the apical part of the 
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globular Echinocactu^ and of cylindrical Camcgiia afford some 
interesting comparisons, since both are massive succulentSp but pre¬ 
sent a type ol respiration something different from that of 

The spines of arise from special meristem tracts 

lateral to the growing point, and as the growth k wholly basal the’ 
rigid tips afford an excellent bearing for an anxograph arm* A 
preparation was kept under obser\-ation at a point some distance 
from the walls of a greenhouse late in April, igi6. Temperatures 
of the body near the surface were taken by a thermometer with a 
thin bnlb left in place during the course of the observation. Growth 
began at 22° C. to 24® C.* about 8 A.M., continuing during the warm 
daylight period and until nearly 8 P.M. Nothing higher than 37® C. 
was shown by the body. The daily rate varied from lero to .05 mm 
per hour and no retractions were discernible. The lengtli remained 
fairly constant when growtli ceased* The temperature of the body 
of this plant did pot fall below about 14^ C during any part of the 
period. 


The 

Same plant was available for experimenta] 
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Fic. 4. Auxpgraphie record of variations in Itngih of ipine of ficrAifna- 
fflffJuj, Mards 13 to March 17, 1017. Shortening from 8 PM. to 8 A.M. due 
to ipw temijeraturc- X 10, 


March, 1916* The cluster of sipines, the tips of which had cniei^d 
for a length of 4 to 6 mm* in 1916. began to show freshly colored 
sections at their bases indicative of elongation and one of these was 
brought into bearing in the cup-shaped end of the vertical arm of 


'^MicDougat, "Tfie End-resulu of Desiscatiim 
lent Plants,” Physiological Researches, VoL 1 , Ko. 
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aji auxogi^plu The preparation was placed near the south end of 
an nnheated glass house with the resuh that the temperature of the 
body fell as low as 4" C. at y A*M., and reached a point at which 
growth ceased at about 8 P*M. The steadily decreasing temperature 
was accompanied by a shrinkage—due in all probability to lessened 
imbibition capacity as a result of low temperature. Resumption of 
growth look place in the forenoon at temperatures about identical 
with those of the previous year. The total daily growth amounted 
to as much as 1.25 mm. to 1.5 mm. daily all of which was made 
between 9 A.M. and 8 P.M. (Fig, 4). 

The record of growth of CarnrpjVo included measurements of 
the variations in the length of the spine as well as of coincident 
readings of the swelling of the apical region of the stem near the 
base of the spine. 

Elongation of the spine on daily rising temperatures began at tem¬ 
peratures of 24" C, 18° C., 18* C. 15* C., 13” C. and 13* C. on sepa- 



Fic. 5 . Aiuwaraptik record of elongatioa ol spine of CantegUa April 

j tD April iQL t^[ 6^ allowing itciclumal ceaaadon of ^owth. Doited line ahows 
mucima^ mmtDia and totine of air tt^perature (tipsier half of cut). Record 
of growth of spine of Carm^ca^ April 12 lo April 16, 1516. Continuous 
growth With only alight ^ariatiois in rate. Dotted line shows maxima, mmifua 
and course of air temperatnrt (lower half of cut). 
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rate days and ^vas very active at 32'' C, A period of continuous 
dongation of Uie spine was coniprised between April 10 to ly* 
i9i6h during which titne the air temperature ranged between 14* C, 
and 28® C. The temperature of the body coincided with the lower 
night temperature of the air and did not rise above 32“ C (Fig, 3). 

The maximum enlargement of the spine was at rate of .075 mm. 
per hour* while that of the neighboring apical tract was not more 
than a third of this rate. After the spine had reached nearly mature 
length the apical tissue accelerated showing a rate as .0S8 mm* per 
hour^ Growth began on rising temperatures of 15" C* and above 
and was ohstrv^d 2t 40® C. of the body* The main part of the 
growth took place in the daytime and no action directly attributable 
to tight effects could be detected, 

£cfjfjiofaefii^ and Canwgka are active during the period in 
which the temperature is within the tonic range, as taken from 
thermometers inserted in the tissues. This implies that such plants 
grow during the daylight period in the open and as far into the 
night as the temperature permits^ the maximum rate being attained 
during midday. Numerous tests show but little variation in the 
acidity of and and it is to be inferred that 

the respiration of the sugars is of a kind in which the disintegration 
ts carried through to its final limits, 

A number of records of growth of the succulent leaves of 
hmquilatcrale w^ere obtained for comparison 
with Caniif^Vo and Determinations of the 

acidity of the sap show that w'hile the total range is not as great as 
that found in Opunita vcr^color by Richards** yet the daily course 
of variation is markedp as may be seen from the following measure¬ 
ments of Meset^^bryanthemum. 


Aodity in Cubic Dsktimeters or K/n» NaOH. 








Xl^rccDibcr S| 




Pow 

per C.£iikp 

TotaJ 

Mr Cm. OfV per Ofo. 
AlAbcT^aT. UlilcTiar. 

Jidc# Addhr 

pCi C.tta, W Gn. Orj' |MT Gm^ FcM 
Mn«rl*L 

Sloo 

A.M. 

... .oaSo 

1 - 1^1 


.0373 

1-07? 
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M... 

... .*279 

1-509 

0331 

.0223 

I-O91 

.0241 

4-30 

P.M. 

.. . .0ZS2 

i.igi 

.02d4 

.0203 

1 -0^ 

0275 


* “ Acidity ajid Gu Interchange in Cacti,^ Publ No. 205, Carnegie tust_ 
of WadshinglouH 1Q15- 
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The leaves are triangular in cross section and the pairs emerge 
from the sheathing bases of the antecedent pair the idner or tipper 
faces arc appressed. The upright position implied is held unril a 
half or a third of their length is attained. The lips of a pair were 
harnessed together and being turgid and firm were arranged to press 
upward on tSic bearing lever of the au^^ograph. 

The general features of the daily behavior of this plant were 
quite similar to those of Opuntia in that elongation accelerated in 
mid-foretioon, about 9 to ri AM., and continued until r to 3 P.M., 
when it was checked and a shrinkage ensued which generally ended 
at s or 6 P 3 L or sunseL After this time temperature being favor¬ 
able a low rate of growth continued through the night and until the 
daily acceleration occurred a few hours after sunrise. 

The daily course of transpiration has not been determined, but 
it is alloivable to assume that the imbibition capacit>' of the growing 
regions is lessened by acidify as it is in Opunim, 

Ghowth of \Vhe,\t (TrihVioij) akd Cokx (Zea). 

A great amount of data obtained hy the measurement of the 
elongation of TriiicKiM is available. The figures have been obtained 
chiefly by the measurement of numbers of organs for a brief period. 
The so-called critical temperature points have been obtained by 
taking averages of the perfonmance of several plants. The facts 
of importance iu connection with the present paper are those which 
have been obtained by analyses of the march of growth from day to 
day. Similar methods were used with com (Z<?£i), 

of these two plants cultivated in the region of the 
Desert laboratory were selected^ and grains w^ere germinated in an 
unheated glass house. The temperatures given were obtained by 
shaded mercurial thermometers ami are Fahrenheit scale. 

The bases of the plant!ets were fixed in plaee by layers of plaster 
poured on the surface of the soil. The tips of leaves which had 
emerged to a length of lo to 15 mm- were brought into the field of 
a horizontal microscope and the variation iti length measured at 
half hour intervals so far as it was possible to do so. The leaves 
w'ere maintained in a vertical position by a requisite nuntber of 
horizontal glass rods with a minimum of shading effect 
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Tile increments measured are ui course iuclusive of the elonga¬ 
tion of the base of the Leaf and of the mternode from which it 
arises, as well as of aay residual acdon of internodes below^ coa- 
sequently a figure illustrative of the grand period of growth of a 
sirtgle uieiubef could not be plotted from the data given. (Meas¬ 
urements showing a beginning of decreasing rate are given lu bold* 
faced type.) 
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Gbowth or ^'Tubkkv Re>” Wheat (rnlicHwi), Mascb, 1&T4, 


lAu*. 

ig 


March 30 
(5.5 hours) 


March 31 

{i^rS Hours) 


HmITh 

343^ 

ELmdLflf. 

Afr 

Rbi 

11; 00 A,M. 

00 


“ 1 

11:30 


70 

iJ 5 

12; 00 Noon 

1.3 

66 

%*o 

12:30 F.HL 

IS 

6S 

4 

1:00 

1.8 

64 

.6 

1:30 

2.1 

63 

,6 

2:30 

24 

63 

.3 

j:oo 

3^S 

6z 

A 

3 :yj 

2.6 

63 


4^30 

3 l 6 

63 

.0 

5130 

aj6 

60 

jO 

Reset at 

OJO 

— 

— 

00 A.M. 

91 

£4 

1.6 

9*30 

9 iS 

S6.S 

t.o 

lot 00 

10,6 

50 

ZD 

10:30 

114 

61 

1^6 

n :oo 

12.1 

IS3 

14 

11:30 

iz 3 

^4 

14 

12:00 Noon 

13^6 

65 

1-6 

12:30 P,M, 

l 4 -> 

65 

1.3 

1 :00 

IS 4 

^$6 

Z.8 

1:30 

16.1 


*4 

?!00 

17-2 

70 

ttJZ 

2:30 

18 , 3 : 

69 

3.0 

3:00 

tSj9 

TO 

14 

3530 

20-0 

70 

33 

4:00 

31,1 

7D.S 

Z 3 

4:30 

2Z1 

69.S 

3.0 

y,Qo 

23JJ 

68,5 

1.3 

3:30 

23.9 

6ag 

1.3 

■0:00 A,Mr 

427 

aa 

1.3 

(Total length of leaf^blude 4g mm,) 
9:30 43^3 

|J3 

id: 00 

44-1 

5a 

1j6 

10; 30 

454 

7X 

3.6 

II :oa 

46.5 

715 

^4 

ti 130 

^,3 

765 

34 

I2:D0 Noon 

49,6 

tS 

3.6 

13: 30 P.M. 

SI A 

to 

a.S 

1 :oD 

S3H 

to 

3.8 

1:30 

53-7 

to 

1.6 

2:00 

54.6 

81-S 

i.a 

a: 30 

557 

to 

u 

3!«J 

56.9 

e^i 

Z4 

3:30 

58 j 

to 

ai 


MACDOUGAL AND SPOEHR-4^ROWTH AND IMBIBITION. 321 
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GaovTTH Reo” Wheat (Tfitifiini),— Centtvded. 




SCMif 

Air 

HMc 

Dojirj 


ItflijdiDyi. TiCmpnflEtaM. 

Per tfuur# 


ii:oa 

40.2 

fi 75 

14 


11:30 

4£.5 

n 

2j6 


I 2sqa ^^ DO ^ 

42^ 

7i 



13: P.iL 

- 43-5 

7^5 

3.2 


1:00 

4+4 

73 

I.ft 


1 : 30 

455 


2.2 


i3:w 

474 

J6 

iS 


2:31:1 

474 

7S 

2.0 


j; 00 

48^ 

73 

1.8 



489 

75 

1^3 


4 : OD 

499 

7^ 

2,0 


4:345 

50.S 

76 

1.8 


5:® 

51.6 

75 

l.fi 



524 

75 

1.6 

March 31 

^:43 

12.6 

n 

— 

hours) 

(Total 

length 467 mm-) 




m: [3 

1J45 

73 

.8 


tiJ'45 

13^5 

74 

t.O 


ii:iS 


75^5 

.8 


11:4s 

14-5 

77 

-S 


ijtis 

t4-^ 

So 

,6 


i:® 

15^ 

Si-S 

9 


2:00 

157 


-A 


4: Co 


85 



6:qq 

16.5 

75 

^1 

April l 

9:jts jV.M. (15.5 hours—growill .1 mm.* 

atopped)!. 


Total length 470 mm. 



Ketardation of growth of Ztrv and Trifiruirt occurs at more than 


Qiic 1ft tlic tcinpcT^lurc scaIc diffcTciit tinics of ds-j i. 

as may be seen from the inspection of the bold-faced figures on the 
preceding pages- An uneven rate of elongation was particularly 
noticeable In Tritfrum, although displayed by Zea as well. It was 
thought that the irregularity might be due to a sagging of the leaf 
blade which would cause its tip to move with a varying rate across 
the field. Similar leaves attached to the bearing arm of an auxo- 
graph under a stretching tension traced an undulating line indicative 
of similar irregularities (Fig. 6). Cessation of growth, especially 
in some of the instances in Zca, may be reasonably attributed to a 
direct temperature effect, especially in the cases in which the thcr- 
tnometer stood at 30” C. to 35” C. for extended periods. lu the 
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greater nititiber of instances particularly in Triticum^ no such ex¬ 
planation could be deemed adequate^ and the matter is referred to 
varying imbibition capacity coincident with alternations of acidit)v 
alkalinity and neutralization ($ee page 309). 

The highest rate that was maintained for some time by Zen wa^ 
found to lie between 27^ C. and 30" C. The elongation of the leaf 



Ftc, 6. Auxograpbic record of erowUi of leaf of wheat (TrirtrtiiM} (or 
SIX hours showing sudden aJtenitinns in rate of elDngaiioii, The pen moves 
downward with elongation. Actual vanation in letigili. X *5- 

of Tritlcum was erralk and retardations were ntimetous and occtir- 
ring at all temperatures between 15* C and 30* C. It is not pos¬ 
sible to fix upon any limits of temperature within tvhich grow^th 
might be conlinuous in this plant. It is obvious that " secondary'' 
maxima might readily be derived from data of this eharacler. 

No retardations oceoTred except after ll A.M. in either Zen or 
Triticum and while Zea showed an acceleration late in the day after 
retardation at high temperatures, TnfiVion did not. The tonic range 
of the two plants is of course not identical. Wheat grows at a 
low'er range than com and probably reaches its upper limit near 
the figures given. 

There are but three allowable causes in the present state of our 
knowledge* to w^hich might be attributed the slackening or inhibition 
of growth or actual shrinkage of growing joints after midday and 
continuing tinlil the following moming. Tlie retardations in ques¬ 
tion are relatively least in the earlier stages of development when 
the joints are not more than one fourth or one fifth adult size and 
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hiive the effect of a flattening of the curve that h of slowing down 
growth. The action becomes more jiroootinced until a stage is 
reached when more and more of the elongation of the forenoon is 
retracted in the afternoon (see Fig. 3). 

Such negative aetioti might be due to the reduction of an en^j'tne 
concemed in the renewal of the constructive material below the 
effective amount, or to the clogging action of accumulated products^ 
or as has been previously suggested, to transpiration counterbalanc¬ 
ing imbibition and accretion of suspended material Cessation of 
growth at 26® C. to 30“ C would be diffieuli to reconcile with the 
assumption tliat it might be due to a destnicLion of an enzyme, since 
all known bodies of this kind do not begin lo show a rapid rate of 
flisintegration until a much higher temperature is reached. An 
accumulation of the products in soine part of the chain of reactions 
might well take place* however. Similar retardations in photo¬ 
synthesis are known to occur when translocation of the carbohy¬ 
drates is prevented. 

As to the third suggestion it is to be said that the stoppage or 
slackened growth of green plants in the open in the hours imme¬ 
diately preceding daylight coincides with a condition of lessened 
imbibition capacity due lo high acidity and accompanied by the most 
rapid trausplrattoti displayed by the plant. The low temperatures 
at this time might also cause a decreased absorption. The rate of 
absorption of green plants would be greatest in the afternoon, and 
as water-loss at this time has been found to be actually less than in 
early morning, it is to be seen that the decreased groivth character¬ 
istic of this part of the day may not be attributed to CKcessive trans¬ 
piration. Acidity is near the minimum at this limc and the imbibi¬ 
tion capacity of the growing joint is greatest. That transpiration 
may actually check or neutralize grow^th has been demonstrated in 
Eriogonnm by Lloyd:* 

The daily march of growth is as follows: Dijrrti|^ ihc early daylight hours 
until about there Is usually a slight rise in growth rate. After that hour 
the rate falls to a low vatuc, or, much more frequetuly there endues an actual 
phrinkafic- Thts \i the period during which the loss of water by transpiration 
IS mpidly increasing, reaching Its maKlmum at about noon. Coincidentally 
with the checking of iranspi ration, the growth rale? rapidly increase in value. 

S’Report Dept. Bot. Research. Carnegie Inst of Washington for 1916. 
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the majcirnum b^ing altiined by [ or ^ P.^t. 3 iid thereafter maintained^ 
With ductuatian^ nntil 6 when tfie ag^in fall to the night values. 

TIec afternoon ratc^ are great enough to more than make up for the negative 
behavior of the morning, cutcept* above stated, under unusual conditions. 

That light cannot he held to account for the retardation of growth during 
the morning hours as above indicated ha^ been shown to be^ an untenable view, 
since it was found po$^hte expcHTnentaI3y to alter the rales both positively 
and negatively quite independently of the ooustancy, increase or decrease of 
illumination, even when this haa been increased with respect to the growing 
pan by Insolation from three directions. There seems indeed to be no maxi¬ 
mum insolation ndfmally occurrmg in the field at this locality which can cause 
any cessaiiun or inhibition of growth when conditions which insure water 
supply to the growing part ohtam. Thus, when a cessatJon of growth is 
apparent, it cm be ebedked, and high rates instituted, by the removal of leaves 
(which divert the water supply)* by Increasing the vapor tension in the 
vidnity of the grow’ing part, or by merely increasing the temperature when 
the volume of the growing part is small (as when the intemodc under obser¬ 
vation is young). These positive ehanges may occur coincidenlaUy with in¬ 
crease of Ellumtnatiori from the blue or red portions of llie spectrum to full 
insolation. 

A $imil2tr action may occur in the inactivity of green opuntias 
in the open, but certainly doe^ not apply to the daylight retardationn 
Oil the other hand the checking of growth or shrinkage of etiolated 
members in darkness and of green shoots at high temperatures may 
well be due to traiispiration or modification of imbibiuon capacit}’. 

WATEit-A bsorbing Capacity of Plant Tissues, 

Growth is essentially the irreversible enlargement ol embryonic 
cells, by the appropriation of materia! of which 98 or 99 per cent. Is 
water* The process depends upon the availability of the building 
material which enters into the stirictiite of the protoplast, its inclu¬ 
sions and its envelopes, and upon the continuance of reactions, such 
as enzymosis and respiration, which maintain an unsatisfied absorp' 
ti ve capacity. 

The incorporation of the solutions in the colloids of tlic proto¬ 
plast is essentially a hydration process which is usually designated 
as imbibition. A stable colloid takes up a fixed solution at a rate 
expressible by a regular curve. The protoplast is a complex mixture 
of both emulsoids and snspengoids in w^hich there h almost imceas^ 
ing change. Its structure may be modified by the uneven action of 
the metabolic plexus which may also result in the accumulation of 
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products such a$ acids, the prcserice at which may cause acedera- 
tiem* retardation or cessation o£ growth by modifying imbibition or 
capacity for absorption of water. 

It IS obvious that a deterntination of the water-absorbing capac¬ 
ity or swelling coefficient of a growing organ would be an index of 
its capacity for enlargement at that moinent^ and by the use of dif¬ 
ferential solutions the influence of acidity or alkalinity on the process 
may also be ascertained. The catabolic and synthetic processes 
which accompany growth are in the main continued in mature 
organSj especially if these contain tracts of open men stem as do the 
joints of Opuntia. It was thought highly important therefore to 
make extensive tests of the swelling capacity of Opmtia with 
analyses of the carbohydrate content of the joints. These tests 
yield some data of great interest when considered in connection with 
the growth records given in the preceding section of this paper. 

The flattened joints of Opuntia sp. which formed the prin¬ 
cipal experimental material are elongated oval in outline^ the basal 
part being usually about 20-^4 mm^ in thickness and the apical 
part half or less than half of this diameter. After some extensive 
comparisons of sections from all parts of the Joint it was found that 
die apical third of the member furnished the best material for com¬ 
parative purposes. Sections or disks about 12 to 14 nun. across 
were cut from this region with a cork borer, avoiding the inclusion 
of nodes beating the spines and spicules. Such sections consisted of 
the indurated epidermal layers between which was a cylindrical 
mass of parenchymatous cells, the outer ones being chlorqpbylloiis 
and some of the inner ones being mucilaginous. An anastomosed 
network of thin fibrovascular strands was included in the paren¬ 
chymatous mass and this mechanical tissue probably checked expan¬ 
sion in some cases^ especially those in w^hich disks were taken too 
close to the nodes. More care was exercised in this matter in 191 y 
than in the preceding tests, a fact that may be taken to explain in 
part at least the decreasing number of ancmialies as the work pro- 
gressed- Three of such disks about 12 mm. across the epidermal 
surfaces and from 6 to it mm. in thickness were arranged in a tri¬ 
angle in the bottom of a slender dish and a triangle of thin sheet 
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glass arranged to rest its apices on the three disks. The vertical 
swinging arm of an auxograph was now adjusted to a shallow socket 
in tlie center of the glass triangle while the pen was set at zero on 
the recording sheet. Water or a solution being poured into the dish, 
the course of the swelling was traced, the record showing the aver¬ 
aged result of the action of the trio of specimens {see Fig. 7). That 
the amount of imbibition depended upon the presence of certain 
recognizable substances was demonstrated by the fact that dried 



Fit 7. Alise«raph artauged for recording chanEes in thickneas of trio 
of cylindrical Sections of O^nntin. The vertical arm, which is act in posiiiou 
on horizontal arm to give a magnification of twentj'p vesta on a triangle of 
glass laid on top of the scctiona. The dish eontaining the sectiona rests on 
an iron cylinder to secure stahitity and a weight ia placed on the T base of 
the instrument. The record sheet is ruled to millimeters (not shown) with 
heavier horiaontal lines t cm. aparL The heavy curved lines shoHn reprc-* 
sent four hour intervals. The space is ruled to fifteen minute intervals (not 
shown). Height of ctock and lever supports adjuatalile. 

and dead disks gave proportionate differences equivalent to thoM 
shown by freshly cut and living material. 
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The iiuxograph used in m^ing the measurements represents an 
modified form of an apparatus originally designed by the senior 
author in 1901, The improved instrument consists of a compound 
lever, the components of which are suspended in adjustable bearings 
held in the arms of a mcul support of “ Y” form with the arms of 
unequal length. One free arm of the bearing lever is forked, the 
upper segment canning a counterpoise which may be moved to give 
any desired pressure on the bearing contact with an object the 
swelling of which is to be measured. The lower segment of the 
free part of the bearing lever has a sleeve with a short socket 
hinged to its lower side. A thin glass rod set in this socket extends 
downward to a length of a few centimeters and rests in a concavity 
in the center of a glass plate laid on the trio of sections in a suitable 
small glass dish. The sleeve may be moved along the lever to give 
a magnlficalton between ten and fifty to a pen carried by the other 
free lever atm The two small levers are connected by a short 
length of jewelers’ chain tn such manner as to minimize friction and 
other sources of error. The pen is arranged to bear on a slip of 
paper S on. wide ruled to millimeters and it i$ carried by a cylin¬ 
drical clock which gives it a movement of 2S cm. in 24 hours. The 
compound lever was Biipported hy a rack and pinion column which 
made it adjustable through a range of J3 cm. in height. 

The clock may be moved vertically 011 its support and fastened 
at any height by a set screw. The delicac)- of this apparatus was 
such that it could not be operated on s w-ooden table in an ordinary 
room. Cement, stone or brick piers with a slab of slate, wood or 
stone furnished the necessary steadiness. The dishes in which the 
sections were immersed in swelling solutions were placed on top 
of iron cylinders 15 cm. high and about S cm. in thickness and the 
dishes were held in place by day luting, A weight of about 4 or s 
kg. placed on the “ T ” base of the instniment completed an arrange¬ 
ment hy which it was possible to secure undisturbed records of 
swelling of sections of cactus, of plates of colloids, and also of 
growth of joints of this and other plants. 

^ The following measurements of the swelling capacity of sec¬ 
tions from the terminal joints were secured in 1916 and 1917. One 
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set was made from joints which had been formed during the pre¬ 
vious year. Their development as huds began in March and April 
and was nearly complete by June 1st, Some enlargement may 
ensue later in the season, or in the following season^ as has already 
been described.*^ 

Sw^ELo?tc —Opunth Sp, 


Mature Jotnij, 
(See Fig. 8.) 
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The swelling capacity of sections appears to increase with 
development and rising temperatures to June at which high values 
were shown by both young and mature joints, ,A decrease during 
midsummer is followed by a maximum reached in November. 

The average swelling of young joints w^as 31,2 per cent, in water, 
28.9 per cent, in acid and 29.5 allcali for the season. 

The variations in swelling capacity during the second year are 
indefinite but an average of the available recerds (seven tests) 
shows 50,5 per cent, in distilled w^ater^ 45p^r cent, in hundredth 
normal hydrochloric acid and 5^7 in hundredth normal 

i^MncDougal, ^Mechanism suit! Conditiem^ ef Growth,*^ N, "F, 

Boi. Gardirn, 6: 5, igiSv 
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i'fivJ'/irijr of jQwti Formed m t^i6. 

(S« Fi^, 8.) 


* 1 f * 1 + -I 


May Ipt 6 _...... 

Jmie ^ 

" 15 . " 

5 , ” (swell<?d Carmi 

51 “ {grown 

Kov. 2, H., + + . + 

4k _ dk 

Jh .. + 4 ... + «Hr+f-l.. + h-..*. 

4k . 44 

4 k 

4< _ U 

5t- i,»-r4. + 4..4,4*i,..-.4i. 

4 i £ M 

Op . 4- 4 4' 4- ■■ 4 ■ ■ # . -I . ■■ r . ii ■ 

£. 

O^ >4+4i444.i...^...... 

• 23 . “ 

“ 334 ” .. 

“ 33 , “ ... 

** 23 . " ... 

Jan. 24-23, 15117 (12 icctbnf) 

Feb. ao-21, *■ i 6 ^ ) 

Ikfar^ 23-24 { 6 ) 

April 24 -- , 


WiKf. HCI N.W 

KiOH N 

r<B- CoiL 1 

Per Cnil^ 

f'ta- ijaii. 

. 243 

3U.O 


. :g .6 

itA 

2Z.g 

. 7^.1 

41-3 


. iej6 

140 

14-3 

. 1&.2 


157 

. 3<X3 

3 TjD 

2^.2 

.. t4fi 

21.3 

*95 

.. 2&.0 

2S.a 

2a3 

■ 37.9 

26^0 

247 

.. JO.B 

184 

171 

. 27 9 

26,0 

347 

- 4+a 

S3-S 

46.C 

. M 4 

34,9 

35^3 

H 493 

47 ^ 

47^ 

.. 4B.0 

45-4 

3S4 

. ^5^7 

S 7 ^ 

SS-O 

r4 1&7 

UJ 


e ^ 

?3 lQ 

10.9 

.4 21_0 

204 


20^ 

2IJ8 

33-& 


sodium hydrate. Inspecdoit of the data obtained by the chemical 
analyses fails to bring to light any connection between the amoimt 
of imbibition and the proportion of any carbohydrate or salt present. 
The diverging variatiDns suggest combi nations of substances to 
which the .swelling may iw due. It is to be noted that the propor¬ 
tionate swelling of the sections would be lowered by the thickness 
of the sections 'ivhich are fifty to seventy times the diameter of the 
colloid sections used in other experiments. Furthermore, the amount 
of swelling is in all probability lessened by the presence of mechan¬ 
ically resistant fihrovascular tissue. 


IaIBIBITIOK and CAItfiOliVDRATE MEtABOLlSM, 

In the foregoing pages special attention has been directed to the 
conditions affecting imbibition and the water-absoibing capacity of 
the growing plant coll. It is evident that the metabolic activity of 
the cell itself affects imbibition very greatly; an accumulatioti of the 
intermediate or end products of respiration may thus cause an in- 
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Fig. B AuiXC^raphLer tracings of swelling ol ^IrnddcaJ sections of 
O^iiR/in Sp .— ^jobts formed in A componad lev^r set to magnify 

swelling 30 times rames a pta downward from tlic zero line on a sheet 8 o 
millimeters in width, carried past the pen in 24 hours. The right hand or 
upper line o w'as traced by a trio of sections of an av'Crage diameter of 13 mm. 
which showed a swelling of mm. in himdredth-normai sodium 

hydrate, which ¥raa 1^2 per cent of the originaL The lower line r was traced 
by a trio of sections of an average diameter of F3-S mm- in himdredth-normal 
hydrochloric acid which showed a swellijig of 3,55 mnu or ifi.| per cent. The 
middle line was traced by a trio of sections of an average diameter of 12 mm. 
winch swelling 2.55 mm. or 21.3 per emt Feb- 22, igij. {Upper half of 
figure.} Reduced Jd. 

Aoxographic tracings of old joint of Dptfiifm The upper right 

hand line n was traced by sw^cIHng of trio of sections of an average diameter 
of 10 mm+ b hmidredth-normal sodium hydrate. The increase was jnS mni, 
or 3& per cent The middle line & was traced by the swelling of a trio of 
sections of an overage diameter of 11 mm. in distilled water* The swelling 
was 3 j6 mm. or 33 per cent:. The lower line c was traced hy the swelling of a 
trio of sections with an average dbrneter of 10 mm. in distilled water, Tlic 
swelling was 3.5 mm. or 35 per cent, of the original A notable difference 
between the rates of iwclling in the three solutions 15 e:Khihitrd b contrast 
with those of the series of joints of ipig. tLower hall of figurt} Reduced 54 . 

crease or decrease in ihe waicr-absotbing capacity of the cfllloidal 
snbstratam of the cell At the satne lime the degree of imbibition 
and of swelling plays an exceedingly important part in metabolism 
and hence in the fomialion of plastic material necessary for growth 
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and in the liberation of energy. Although these two activities, 
imbibition and metabolism, are so closely interrelated in the growth 
processes they are nevertheless of such a widely different nature that 
it cannot be assumed, as will be shown, that they are et|ually iti- 
fluenced by external conditions, as for instance, temperature; the 
conditions under which one affects the other dependingp in turn, 
upon several other factors. 

In general, chemical inversion^ or the transformation of the 
highly condensed to the simpler molecules capable of oxidation and 
translocation, takes place only under conditions of ample water 
supply* However, these reversihle enzymatic reactions never run 
entirely in one direction. Only differences between the IW'O are 
observable. W'e are dealing with a delicate compound dynamic 
equilibrium, involving probably dozens of steps^ and many more 
substances. The very interesting investigations of Lohry* dc Btttyn 
and Van Ekenstcin^^ and of Ncf on the rearrangements of the 
hexose molecule demonstrate the extreme complexity of such equi¬ 
libria, Thus Ncf^^ has shown that w^hen the relatively simple 
hexose sugar, dextrose, is dissolved in a weak alkaline solution there 
arc formed no less than 93 different substances w^hich constitute a 
system in dynamic equilibrium. Any number of these can react 
selectively and shift the equilibrium^ by oxidation, condensation 
or the like, the course of the reaction depending upon the condition 
of solution as to concentration;, temperature, etc. Hotv much more 
complex must the condition be in the living cell w'ith the numerous 
delicate enzyniatic equilibria each wdlh its own temperalure and con¬ 
centration coefficienl? 

The following results (>vhich are a portion of an extensive in¬ 
vestigation of the carbohydrate economy of cacti now in progress) 
throiv some light on the relalion of carbohydrate metabolism to 
grovnK 

The carbohydrates predominate in the general food economy of 
the cacti. There is no reason for believing that the metabolic 
processes concerned in the growth of such plants consist chiefly of 

hfyhTy de Bmi'ti and Vaji Ekeft 5 .tcm, inv. chim. Pay^^Btu, 14^ 
158, Jj, 93; ifl, 357. 

J. Ammtfn dcr Cft+'Witr, 204-^3^3^ 1913^ 
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protein synthesis and catabolism b probably the case in antmals. 
In fact these plants behave largely like masses of gel of carbohydrate 
nattije^ 

Roughly the fresh material of the groiving and mature joints is 
composed of about r 

VttCwAU 

__ _ __ _ 95 

Crude protein .*. . _ _ ____ ^ ^ 0.5 

Carbol]>ttratc5 hydrob^zahlc with Sjo per eeiiL HCl 5.0 

Cdlulo&t: . 1.0 

Crude fat .. ... M5 

Ash .. . . ......... . . . . ...* + .-*. m 


Fer U<aH. 
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1-0 

lao 

30 
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The total carbohydrate content and of food supply in general 
h of little significance or value in studying the various functions of 
an organism such as the cactus. It is rather the nature of the 
sugarSp or the degree of genera] chemical inversion, that determines 
the supply of building material necessary for growth. The records 
show many instances of large food supply, and all known external 
conditions favorable for growth, and still no such action taking 
place. The question of rest period undoubtedly is largely one of 
adjustment of chemical inversion and reversion^ and in general the 
conditions favoring the awakening of buds are those in w'hich in¬ 
version has attained a lead over reversion^ permitting a sufficient 
accumulation of plastic material; while on the other hand, an ac¬ 
cumulation in the protoplasmic medium of the products of rever¬ 
sion affects the inhibiting of growth. It seems therefore that in 
order for growth to occur there must be a sufficient supply of the 
simpler sugars necessaiy for respiration as well as for the synthesis 
of new substances, that synthesis can overbalance the break-down 
with the accumulation of new material the latter being the product 
of an irreversible reaction^ In the study of the relation of carbo¬ 
hydrates to growth it is therefore a question of the carbohydrate 
balance, the ratio of the simple lo the condensed sugars that is of 
prime imporlance. 

The problem of determining the different sugars in a growing 
OTganism is one of great difficulty because, as has been indicated, of 
the large number of sugars belonging to the same group and of the 
similarity of Lhcir chemical properties. It must therefore suffice to 
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determine together groups of sugars of the same general physio- 
logical significance. It has been found preferable for ihc pr^ent to 
make a large number of analyses with as great accuracy as possiblep 
rather than attempt to isolate and determine each of the sugars m 
a few cases, especially as individual cases show considerable varia¬ 
tion. For the present purpose a discussion of the methods of 
analysis^^ employed does not seem essential. 

The foUow-ing: experiment will illustrate the effect of ivater on 
the carbohydrate balance of 0 {*untia discata. A number of joints 
of the same age were taken from one plant and divided into three 
lots each of six joints. The first fi) was analyzed immcdbtcly, 
the second (2) was suspended in battery jars without water, and 
the third (3) was placed in the same manner in battery jars so that 
the base of the joints were immersed as in a waler-cuUtire. (a) 
and (3) were kept in a dark constant temperature room at 28” for 
thirty- days^ w'hen they were analyzed. The joints in water had 
developed roots 5 to 10 crtL in length. 
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The joints without water {2) lost 3.14 per cent, in water con^ 
tent, w'hilc those in water (3) gained 1.96 per cent. In total poly¬ 
saccharides and hexose-polysaccharides (3) is considerably lower 
than (2), while in hexoses (3) show^s a gain over (i) and (2). 

The difTercnce in the carbohydrate balance between plants grow¬ 
ing in the desert and in Carmel, California, is Illustrated in the 
f<^lowing analyses of Ofyuntia sfy, during September, The x^alues 
are per cent, of fresh weight: 

Full parlkulari thereof will appear in a later publkation en the Car¬ 
bohydrate Economy of Cacti/' 
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Under natural condition similar relations exist. The following 
table gives tyjMcal results of a large number of analyses of 0 />iirNo 
made during each month i 
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Naturally conditions are somewhat more eomplicated than those 
in the tests described on p. 336* At the time the new shoots begin 
to grow* during the end of March and early Aprilp after the winter 
rains, the parent joints have a high monosaecharide content. As the 
dry' summer advances the amount of these sugars diminishes^ 
although the total sugars Increase. With the advent of the summer 
ralnSp at the end of July, the decrease in monosaccharides is checked 
though the high temperatures and resulting high rate of respiration 
docs not permit an accumulation. Another factor entering here Is 
the effect of the temperature on the em^iatic equilibrium. Sepa¬ 
rate experiment & have shown that at the temperatures which prevail 
in the cacti at this time (during the day as high as 55* C.) there is 
a distinct shifting in favor of the polysaccharidesp During the dry 
months of Sqjtembcr and October the monosaccharides drop to a 
minimump in spite of the temperature being considerably lower. 
With the winter rains there is again an accumulation which is main¬ 
tained during the winter until springp when the favorable tempera¬ 
tures again pwemit growth. The formation of new shoots does not 
take place in spring when an accumulation of monosaccharides has 

reiic. PHJL. SOCr, VOL. LVT. Wp JtTLV 1917. 
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been prevented, for instance, by means of keeping the joints at a 
raised tetnperalure in the light during the winter time. However, 
it need hardly be etnptiasired that the supply of simple sugars 
can not be regarded as a single determining factor for growth or 
the awakening of buds, Such material is essential for the con^ 
struction of new cells, but as yet no cletinite conclusions can be 
dratvn as to the exact physiological role of the various he.xoses and 
pentoses, WTien the joints are subjected to starvation, i. are 
placed in the dark for periods of from one to nine months, these 
simple sugars are used up more rapidly than they are formed from 
the relatively large store of polysaccharides. With the decrease of 
the supply of monosaccharides the accumulated organic adds, in¬ 
termediate products of the normal respiration, are dra^vu into the 
process and the total aridity of the organism is thus reduced. Re¬ 
duced acidity is accompanied by an increased imbibition of the 
cactus in water. It is also highly probable that other intermediate 
and end products of metabolism that accumulate in the colloidal 
substratum of the cell, and affect imbibition as will be shown in 
the next chapter of this paper, are also removed, resulting in the 
same effect on the water-absorbing capacity as the removal of the 
organic acids. Thus cactus joints with a swelling capacity of 30 
per cent, in water after being starved four months were neutral to 
litmus indicator and shotved a swelling of loo per cent. During 
this period the dry weight of the cactus remained the same. 

It is as yet impossible to determine dcEiutely the carbohydrates 
which make up the colloidal substratum of the cacttis cells. Theo¬ 
retical considerations would require that these be substances of rela¬ 
tively slight physiological reactivity, i. e., substances which are not 
utilized in the course of metabolism as sources of energy, and are 
little susceptible to enzymatic disintegration. Of special importance 
in this connection are the unEcrmentablc sugars which have been 
found to be present in relatively large amounts, mostly in the con¬ 
densed form as pentosans. 
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Ti?e Behavior of CARBoiiyoRAiEs and Proteins in Gels Useful 

IN THE InTERPIETATION OF THE ACTION OF,PLANTS. 

The amorphous carbohydrates constitute a very- important part 
of the coltoids of the protoplast, the rcrnainder of which consists 
largely of uitrc^cnous matena!, in the form of albumen or albumen 
derivatives with an unknown amount of lipin. The search for 
material which might simulate the imbibitionaJ behavior of growing 
tracts in plants begun by the senior author resulted b finding that 
mixtures of agar with gelatine in which the lasi-named substance 
was present in the smaller proportion showed an enhanced capacity 
for imbibition in distilled water and a reduced swelling in weak acid 
and alkali as measured in very ihm plates by the auxograph.^* 

The swelling of gelatine in percentages of the original thickness 
of thin dried layers or plates (.1 to ,3 mm. in thickness) in water, 
hydrochloric acid and sodium hydrate, may be illustrated by the 
follownng data which represent averages of measurement at the 



& 


Hi 


Fla ij. Au?£ographLC tractiig of of si^r sectioii^ ,2 mm. in thick¬ 

ness iM N^aOH N/ioq, *4 =400 per ecnt+ in HCl /^/roq, ^=^650 per cent* 
and in disLillc^ w^L^Cp C = 77 S ptr rent X lOr 


end of Sixteen hours (see p. 343 for Uirther discu^^bn of swelling 
determinations by u^e of thin plates). 

W’Atcr, HCl K.i'iczk X^iO N/iiw.. 

47X^5 per eenr. 1012.3 per 5®7.5 per cent. 

Similar plates of agar gave swellings as follows (Fig 9) * 

Waler. HCl ?t,'LCis. IfatJ N/m 

462.5 per cent 723 per cent pet cent. 

tnibibitiona] Swelling of Plants and Conoldal MixiureSp*^ 
Science, N. S., VoL 44, No, 1136, pp. 50^-5051 October 6 , See also .Ann, 
Report, Dept Bot Res., Camegie Institution of Washington for 19161 pp. dt-64. 
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As the plant did not show water relations which might be in¬ 
terpreted as a direct irombination of the separate action of gelatine 
or agar, it w»as next proposed to test the reactions of a mixture in 
which these subsitanccs would be blended» which was done m July. 
1916. The first test mass was one consisting of about equal parts 
of agar and gelatiuCk though the qtLmtities were not weighed. Both 
were soaked and melted separately and the gelatine was poured into 
the hot agar which was kept at a temperature of about 90“ C for a 
half hour. The mass was then poured onto a glass slab for cooling. 
Two days later it w^as stripped off as a fairly clear and tTansparent 
sheet slightly clouded, the average thickness of which was 0,2 mm. 
Strips about 5X7 mm- were placed under the apices of sheet glass 
triangle^ in glass dishes after the manner in which plant sections 
had been tested, and auxographs were arranged to record the action 
of acids^ alkalies, and distilled water. This mixture gave sw^ellings 
as follows: 

HCl SVtcn. S *0 X|*tw 7 . 

762.5 per Cent. per cent. Boo per cent. 

The mixture of these two substances having been found to 
svrtll more in w^ater and In alkaline solutions than in acid, a series 
of varying proportions of the two constituents were made up. The 
mixtures were poured into moulds on glass plates and dried sheets 
from hI mm. to .6 nim. in thickness itvere obtained. The measure¬ 
ments given belovr include the averages of tests under varied eondi- 
tions not only of thickness of the samples^ but also of temperature^ 
length of period of swelling, tension of instruments, etc. The prin¬ 
cipal results obtained w'cre as folloivst 


Wm«. 

MCI N;i«. 

‘ 'NiOH S/iso. 

per ceiiL 

1100 per cent 

S30 t>er cert 




S 39 

B30 

fiSs-S 


jo. 


4^1.6 




Cfhtin^ SO—Affor jo. 


WO 

2^6 

S8a^ 
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HCl Hin 

Gfhtinc /j. 


Kii'iJ'M N'i''jn3a. 


378.0 


4274 


Sia? 


lOOCA) 


1835,0 


1144-5 


Gttatinf A)— 

572,1 

G^htine 10—Agar pa 
401^ 

GAatim r—Agar gg. 
475,0 


4250 


S26uO 


300.0 


The data indicate ibat as the proportion of agar In the mixture 
h increased, the relative ampLitude of swelling in water may be 
increasedp and the relative amount of imbibition an add is deereased. 
This superior imbibition capacity in whaler a$ compared to effects 
of acid and alkali is a fair parallel to the behavior of sections of 
youngp mature and old parts of Opuntta. 

The second parallel of importance ss the one in w^hich the 
swcUing in alkaline solutions is in some cases less and in others 
greater than in acidified solutions in mixtures containing as much as 
a third or more of agar 

The muciUtginom^ material which may be obtained by macerating 
joints of cacti in distilled water is fairly similar to agar^ Some of 
this was used in mixtures in place of agar. The averages of a series 
of swellings of a mixture of go parts of gelatine and lo parts of 
such mucilage^ reckoned by dry w'cight* %vere as follows: 


Wmtsr+ 

42^1 ptr ceiiL 


HCI 

7704 per cent, 


XaQtt XytW. 
S57J per cent- 


These data are of interest w^hen compared wdth the sw'ellings of 
mixtures of loo parts gelatine to 5 parts agar, and of mixtures of 
80 parts of gelatine to 20 parts of agar (sec p. ^o), The mucilage 
from joints of Opuntia affects the swelling of gelatine in much the 
same manner as does agar in equivalent proportions. The watery 
extract of course contains the soluble salines of the plant, and some- 
of the effect might be attributed to their presence, 

A few simple tests were arranged to show the effects of a sail 
on the colloids used, the results of which are as follovrs: 
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WaJ,«r. 

450.0 facr cent 
5167 

Avcra|:t*: 4S34 


Wii:cr+ 

616.7 per 

466.7 


Averages! 


GEtATIS'E, 

HP S.'w. 

1200.0 per cent 

1066.7 


1133^4 


1116.7 per ceaL 

14£KlLO 

1250,0 

*2556 




tiO 

1016,7 per cent 

to833 

1133*3 


1077^ 


HP tw+NiCl Nyttoa. 

per cent. 

10S3.3 

0^3,3 

866.7 

^33 


The superior swelling of gelatine m addiBed solutions 15 illus¬ 
trated and a lower average of svyelling m hundredth normal hydro- 
^chloric add m the presence of a salt solution of the same concen- 
tratioD was demonstrated. The admixture of hundredth normal 
:add and of hundredth normal salt solution gives a solution of two 
ihundrcdlhs normal eoncentration. Gelatine shows a lesser SAvelling 
m this weaker add^ and furthermore the presence of the salt appears 
to increase imbibition. 

Sugars are an important constituent of living tissues and it h 
highly probable that in addition to pentose^ sucrose and dextrose 
are also in the colloidal suspensions of the protoplast. It was im¬ 
portant to determine whether or not they exerted any direct effect 
in the concentrations in which they might occur in the eelh A series 
■of tests of the effects of these substances was carried out by Mr. E. 
E. Free at the Coastal Laboratory in September. 1916. Gelatine 
and agar were mixed in various pTopoitions, dried to thin sheets 
and then swelled at temperatures of 16 to 21"" C. 

Sugar solutions of a concentration less than 25 per cent, did not 
differ appreciably in its effects from distilled water. Sucrose con- 
centratiDns of a 50 per cent, concentration produced a markedly 
lessened concentration of all gels. Dextrose of the same strength 
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kad a similar on the mixtures low in gelatine in which it was 
tried- Its eifect on mixtures containing a large proportion of gela¬ 
tine was not determined. The appreciable e6fei:ts are probably due 
to the tying up of molecules of water analogous to the osmotic action 
of such solutions. 

Sugar solutions of a concentration of 25 per cent, or higher are 
not characteristic of growing regions and probably occur only in 
storage tracts, seeds or cotyledons. While the effect would be to 
lessen imbibition by the colloidal mass of the protoplast it is to be 
recalled that a vacuolar fluid of such concentradous would have 
high osmotic properties and the expansion by turgidity might mask 
or exceed that due to imbibitional swelling. If sugars contribute 
directly to the growth expansion of the cell It would therefore be In 
the later stages of development and by osmotic action. 

A duplicate scries of tests of the behavior of an admixture of 
starch wdth agar gave the following results: 

SWEHJXC, 

Affar iU. 

HCt Xyiiin. NiOH V.iim. 

per cent per cent 

The complication of the carbohydrate gel by the addition of starch 
made no essential departure from the behavior of agar alone m 
water^ addifled and alkaline solutions. 

The combination of agar and gelatine gave a gel in which two 
of the three main groups of constituents of living matter Tivere 
represented. 

It is not certain, however, that the combluation of aminO-acids 
in gelatine is duplicated in the plant and it w^as deemed important 
to test the effects of simpler amino-add compounds and of the 
more complex albumens on the swelling of agar^ as representing the 
basically Important carbohydrates. Solutions of tlie various mbe- 
lures were poured on glass plates in layers about a centimeter thick 
and 3 by 5 cm. in area. Desiccation resulted in a reduction of the 
length and width to about half of the original Tire thickness how¬ 
ever was reduced to one-tenth or even as much as to one-tJnrtieth of 
the original, and having a thickness of .1 mm. to .3 mm. in most 
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cases- The principal axis of deposiiicm of maierbi was in the ver¬ 
tical aiid the swelling in thb direction would of course be eorre- 
spondingly in excess ol that iu the plane of the sections. It is 
extremely unlikely that any of the colloidal masses oi the cell are 
iso-radial as to deposition or structure and the use of thin plates 
seemed a feature which might increase the similarity of behavior 
with that of the plant. The strands^ sheets or masses of material 
in the cell are of course mostly thinner than the plates used in the 
experiitienlSp which ho^vcver w^ould affect speed of imbibiticin more 
than final proportion. 

Trios of sections of sheets of the dried colloids 3 to 4 mm. by 
3 to 6 mm. vrere placed in the bottom of stender dishes or of heavy 
watch glasses securely seated on iron flinders. Triangles of glass 
were placed on the sections^ and the vertical arms 01 atixographs 
were rested in a socket in the center of the triangles. Any change 
in thickness of the sections would be registeredi immediately^ The 
use of six instruments gave duplicate results of the effects of water, 
acid and alkali^ and each record w^as an integration or average of 
the swelling of three sections. 

The only albumen available when thb plan was put into opera¬ 
tion was a ccimmercial e^-albtimenp and this was first tested in 
mixtures w^ith large proportions of gelatine. The results of the 
swellings are as follows: 


W>Ur. 

net Nj'iiw, 

Gehtin^. 

(Average of 3 tCiti.) 


313.8 per cent 

^5-5 I>er ectit 

Grfji|flKr TOC —^-^/frunar?! 5 . 
(Average of 5 tests.) 

5 S ®4 per cenL 

23j4 

611.7 

8s — /J, 
(Average nf 5 tests.) 

4 E 2 a 

40 B,& 

&!7.8 

Cflaiinf jS^jilbunten 
(Average of 3 tets,) 

673.0 

37^5 

^■7 

S 0 S .7 
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The albumen did not exert any imporCatit influence on the swelU 
ing of the mixture until it was present in proportions as great as 25 
per cent. The action h not marked even in this high proportion- 
Neither this nor any other combination in which gelatine formed the 
greater part displayed water relations at all simitar to those of 
the plant. 

Next egg-albumen was added to agar and agar-gelatine mixtures 
with results as hdow'^ a further illustrative test being made of agar- 
gcbtinc: 

HL 1 X/iefc X»Oa 

Jj, 

(Average oE 4 

37S.5 per cent - 4^7,3 per cent 515^7 per cent. 


Agsr ^ fo, 

(Average of 3 twt 4 ,) 

rSiO-S 27<^& 333 J 

of £ tesra.) 

14771 ^79 


A^ar 70 —Gftffitiie /o, 

555.0 31^,6 29S.6 


The addition of ten per cent, of albumen to agar notably reduced 
the capacity of agar lor swelling in acid and alkali^ and appeared to 
increase the amplitude of swelling in distilled water, although the 
last matter is not entirely clear. The albumen reduced the swelling 
of a mixture containing tweiuy-fivc per cent, of gelatine slightly 
in acid and in alkali^ bnt the swelling in water was not markedly 
greater. This preliminary test yielded results which made their 
extension highly desirable. Chemical analyses of the egg-albumcn 
were not available^ and as nothing w^as known as to the salts or other 
substances which might he included p it was desirable to secure 
material of known origin and composition. Arrangements w^ere 
made wnih Dr, Isaac F. Harris, of Squibb and Sons Laboratoryp 
New Brunswick, New Jersey, to prepare some albumen froin bean$ 
{Fhaseohu) and from oats (-^i/cno) to be used in the mixtures. 
The preparations from Phas^olus^ were avaiLable in February', 19171 
and tlie first tests were made with the " protein ” extract which con¬ 
tained llie water soluble salts of tlie bean and the proteins which 
were soluble in water containing these salts. 
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Agar and gelatine were dissolved in the usual way and the tem¬ 
perature of Ihe suspension allowed to fall to a point below 40* C. 
before the protein was stirred into it. In the course of the cooling 
and drying, cloudy masses became visible which were taken to be 
tbe globulin component of the protein. The dried sheets came down, 
to a thickness of .3 to 4 mm. Calibrated samples were tested in trios 
under the autograph in the usual manner. Two complete series of 



Fin, 10. Auxograpbic record of swelling of agar go—protein 10, sections 
.25 mm. in thidoiess, in NaOH ff/ioo, A =1320 per cent., in HG JV.'ioo, 
^ = 360 per sent, «id in distilled water, per cenL X >a 


all mixtures were made and an additional measurement of the action 
of water and alkali was obtained. The swullings were as foliow's 
(Fig. to); 


Averages: 


MO Nf»*. KnOH S!,to. 

Gfiatinf ^Q-^Profetn lo 

5 S 5.7 ptr cent. 140 IJCP per eenL cmL 

4®6-0 13DO.O 704-3 

3^0 - Soo.o 

Ijoas 8^ 


£ 00.0 

Averages: 598.5 


800.0 

Soo.o 

Averages; 


loSao 

800.0 

AvcTT^gcs i 940.0 


GciaHne 75—Frofe-in ^5 (Phascotui). 

818.1 621.3! 

1060.6 04^4 

Aifar po—FroirtH jo (PHwqIhs)^ 

73 ^ iSO>J 

1500 


Agar pp—Pntfim i iPhojeclus). 


J00.0 

3600 

330^0 


24tt.O 

3300 
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The protein extract from the bean was thus shown to exert ati 
influence on the swelling of agar similar to that of egg-albumcn in 
reducing the amount of sweliing in add and alkaii, and increasing 
it in distilied water. 

The next step of importance was to ascertain the effect of some 
of the simpler amino-adds which might be derived from the albumens 
in the plant. Tyrosin and cy-stin were available. As an example 
of the method the first preparation of tyrosin was one in which one 
part of this substance in solution was stirred to a liquefied mass of 
ten parts of agar at a temperature of 32® C. This w^as poured on 
a glass slab, and as desiccation was carried out the tyrosin began to 
collect as a fiour-like efflorescence on the surface, and apparently a 
large part of the substance came out in this way, so that the actual 



Fia i!, Auxograplilc rcourd of swelling of lecttons. of agar tymain 
10, AS mm. in tliirkfies^^ in NaOM N/ioo, A = 133 per cent^ in HQ N/im, 
^ per in distiLlcd warerp C= 1600 per ceoL X6, 


proportion of the amino-acid in the dried plate was probably not 
more than a founh of ihe amount originally used- 

The dried plate ot maienal came down to a thickness of ,15 mm. 
and gave the following results (Fig, it): 

SWELUNG. 

A^ar go —rywjiw jo {{ess by 

WiiPw. flCl N im N»OH NYw», 

]6 ocmo per cetit Ptr cent 13J 3 per cenr. 

1300-0 223 ^ 100.0 

Averages ^ 14000 iSjj ii^tS 

A similar preparation of agar and cystin gave the folioiving as 
an average of three tests t 

Agar go—Cyjtin iO. 

liCI NnOH 

583.1 per cenL 3^6 per cent. 


WiMfT, 

Ptr cent 
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A similar mixture ol agar and urea (agar 90 parts, urea to 
parts) gave the following; 

SwELXJxq. 

HO Nfimis NuClW N/Joo. 

3173.0 per cent 71606 per cent. 560-* per cent 

Urea, the amino-^dds, gelatine, albumen, and the saline soluble 
proteins of the bean dissolved with agar and dried into thin plates 
produced a greatly enhanced imbibition in water, an imbibition in 
hundredth normal hydrochloric acid not more than a third of that in 
water, while it was invariably less in alkaline than in acidiHei] solu¬ 
tions, The interest in swelling which begins with a neutral 
desiccated section is however much less than that which attaches to 
the behavior of such material under changing conditions of alkalinitv 
and acidity which are taken to occur in the living plant. 

Dried plates of agar-protein, agar-tyrosin and agar-cystin .la 
to ,35 tnitu in thickness and 3 by 4 or 5 mm. were placed in trios 
on the bottoms of stendcr dishes. Triangular pieces of glass were 
placed to cover the sections of colloid in each dish and an auxograph 
was arranged to give a bearing contact of the swinging arm on a 
socket in the center of the triangular plate. So long as the prepara¬ 
tion remained in this condition the pen of the instrument traced a 
horizontal line on the sheet carried by the drum. Dried sections 
of the colloids have a very limited capacity for imbibition of acid 
and alkaline solutions, and hence it was desirable to start swelling 
or "growth” by an initial immersion of an hour in distilled water, 
which was poured in the dishes. After enlargement bad begun 
hundredth-normal acid or alkaline solutions were used in altcmatiou 
at intervals of one to three hours, as many as four changes being 
made in some cases before the total swelling capacity was reached. 
The results met all expectations based on theoretical considerations 
and the auxographic tracings might easily be mi.staken for records 
of the variations of the length of a joint of Opunih, for example 
Sections of plates 90 parts agar to " to” of tyrosin gave a tracing 
traversing 12 mm. vertically on the record paper during the first 
hour immersed in distilled water, remained stationary making a 
horizontal line during the second hour, the water having been 
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replaced with hundredth^nomial hydrochlorfc add, traversed 11 nim. 
of the scale in the third hour during which it was inunersed in 
hundredth-normal sodirnn hydrate, then shrank 5 mm. in an hour 
in acidp then enlarged 9 mm. in three and a half hours in alkalis 
after which it shrank j mm. between 8:30 P.M. and 7 A.M, in 
add. A change to alkali gave an enlargement of 6 mm. in two hours 
(Fig, 12), The atixograph vva$ set to multiply so that the actual 



FlC. 12, Autographic record of ctiangeA in seetJen of agar 90 — l^pTosin 
10, .14 ram. in thickncssr Timnersed m w^tcr at alkali a! acid at C, 

alkali at add at£^ alkali at f, and add at £ 7 + (Upper half of ftgure.) X 
Auxographk record of changes in section of agar ^o—lyrosin in, .14 mm. 
in thiekneUu A In distilled water, B add. C alkali, D acid, E alkali, F acid, 
and G alkali. (Lower half of figure.) X 

enlargement in the periods noted was one twentieth of the distance 
traversed by the pen. The change from, acidity to atkaUnity is fol¬ 
lowed by the most marked effects when the colloid has taken up a 
fourth or a third of the possible total amount of water. Perhaps 
the most striking feature is the response of the colloid to acidifica¬ 
tion under the alternating conditions. Desiccated sections give a 
greater total swelling in acid than in alkali^ but when a certain 
amount of swelling has already taken place under neutral or alkaline 
conditions no further increase in acid solutions and actual shrink¬ 
age ensues. A change to alkalinity is alw^ays followed by increased 
imbibition. Sections of plates containing 90 parts agar and 10 
parts of gelatine gave results similar to those of the tyrosin raJic- 
ture. No determinations of the minimum proportion of nitrog- 
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txious tmiter necessary to an agar mixture to behave In this. 
manner were made. Ordinary agar contains some nilrogen and 
salts,^" and it h possfbk that the varying amounts nilghL cause some 
disagreement of results obtained by the use of different lots of tliis 
substance. 

The series of experimental trials with colloids which might dis¬ 
play some of tlie fundamental physical properties of protoplasm of 
plants has resulted in finding that a mixture of substances of two 
of the three more important groups oi constituents, carbohydrates 
and proteins, shows the imbibitional behavior of tissues and tracts 
of protoplasts of the plant. The difTerential action of such colloidal 
masses in distilled water, acid and aBcalinc solutions yields many 
striking parallels with growth. The changes from acidity to alka¬ 
linity havCp so far as this type of experiment has been repeated, been 
made abruptly to avoid instrumental errors. Some scid or some 
alkali remained in the dishes when the change was made, and a cer¬ 
tain amount of acid or alkali hxed or absorbed in the colloidal sec- 



Fic. 13. tradng of ctianges in length of shwl of OAHnt£0 

ibowbg eion^iiou and ihortcnin^ (for comparison with Fig. 13), 

tion, and neutral ir.aLion, acidification or tiie reverse took place slowly 
with some formation of salts as might likewise occur in the plant 
(see Fig. t3). 

It is through the relations indicated that metabolism or rcspira- 
tion may affect growth by the modification of imbibition capacity. 
Thus the accumulating surplus of acid in Opnntia begins to lessen 
by disintegration at daybreak and the decrease continues until about 

See Noyi:*, H. A., " A^r for Baclerlolc^cal Use,^ Sciatc^ VoL 44, 
No, 1144, p. 79?, 19^ 
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4 P.iM, WTiethcr complt^Je netitralization or alkaliiic conditions 
ever occur nalnnilly in this plant h doubtful. 

The notable augmentation of imbibition which accompanies 
complete destruction of the balance of acid in the shoot of Opuntia 
under experimental conditions has already been described on p. 295, 
It lias also been found that the mid-afternoon checking of growth 
characteristic of shoots of Opuntia which have acoompLished a 
fourth or a third of their development, did nqt appear in the single 
bud, the development of which from a starved jomt has been fol^ 
lowed since the section of this paper dealing with growth was 
written. 

The almost rhytlimic undulations of the auxographic tracing of 
the elongation of a wheat leaf corroborated by measiirenients svith 
the horizontal microscope suggest that growth in this organ may be 
accompanied by meubolic processes by which the balance of acidity 
and alhahnity falls now on this and then on that side, there being 
of course periods in which the growing protoplasts or some of them 
were in a neutralized state. During this time of course Lmbibidon 
might be four to eight times a$ great as in either acid or alkaline 
conditions. 

The change from any one of these conditions is of course accom¬ 
panied by variations in imbibition. The character of the change is 
readily recognizable in the sw^elling of colloids, and it is believed 
that similar interpretations of the auxographic record of growing 
organs will be possible. The colloidal sections used for experimenta¬ 
tion have a general identity with cell-masses except as to the lipin 
constituents. The part which these substances might play in the 
mechanics of growth can not as yet be made the subject of profitabie 
conjecture. The analogies as to the action of tiie salts to be found 
in plants are abo yet to be determined, and probably involve some 
of the phenomena studied as antagonisms." 

The striking similarities in bdiavior between the pseudo-proto¬ 
plastic material and cdl-masses makes possible some new correla¬ 
tions in metabolism^ imbibition and growtlk It h hardly necessary 
to add in conclusion that whatever measure be given the contribu¬ 
tions embodied in the present paper, the results presented do not 
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lead to any sunplification of the major process under discussion. 
The advance is m a diametrically opposite direction. Newly 
determined feature$ of carbohydrate metabolism included in respi¬ 
ration and necessary for growth and fnnetionation have been found 
^to be extremely complex. Imbibition m the plant is not that of a 
single colloid, and swelling b not the simple resultant of the action 
of hvo or more substances^ The interaction between two emuboids 
presents many possibilities. The proteins viewed physiologically 
appear to act as sensitizers to the carbohydrate geb which make 
up the greater part of the bulk of the protoplast, and to produce in 
them highly specialized effects with addSt allcaJies and neutral solu* 
tions. The general character of respiration, and the nature and 
amount of its by-products acting upon a “sensitized" protoplastic 
gel may be taken to detennine the general aspect, rate, course and 
amount of growth In plants. 


SPONTANEOUS GENERATION OF HEAT IN RECENTLY 
HARDENED STEEL. HI. 

Br CHARLES F. BEUSHL 
(Rfad April /j, 

The present paper is the third of a series under this title. In the 
first paper' it was shoivn that a specimen of carbon tool steel, and 
also a specimen of "high-speed" tungsten-chromium steel after 
hardening by water quenching at a high teniperattire, spontaneously 
generated heat in appreciable (quantity for at least several weeks, 
the rate of generation steadily diminisliing. It was also shoitm that 
the carbon steel, after hardening, shrank progressively when tem¬ 
pered to " straw” color, to “ light bine " and finally annealed. It was 
further shown that another specimen of high-carbon steel, after 
hardening, spentancousty shrank in mea'iuralik amount for many 
days, the rate of shrinking steadily diminishing. The plotted curve 
of spontaneous shrinkage was strikingly similar to a curve (not 
plotted) of total heat spontaneously generated in the other speci¬ 
men of carbon steel, showing an apparent relationship between the 
two phenomena. But it was pointed out that spontaneous shrinking 
could not possibly' be the prime cause of the spontaneous generation 
of heat observed because it was wholly inadequate in amount. This 
conclusion was aftenvard confirmed (second paper) in the cases of 
two specimens of nickel-chromium steel which, after quenching 
just above the temperature of dccalesccnce, spontaneously generated 
heal freely but did not shrink at all. 

The second paper/ after reviewing the first, treated principally 
of two speciniens of nickel-chromium steel furnished for this investi¬ 
gation by Sir Robert ITadfield. Each specimen consisted of twelve 

‘ Proc. Am. F/iil. 5 ef., Vol. LIV, No. aiy, ,May-JnIy, t^nj. 

* Phyrieai Review, N, Vol. IX., No. 3, Mardi, 1017, Royat Soe. 

Setfe* A. Vol.( 0 , No. AtLio, April 2, toiy. Joint paper with Sir R. A, HacIGeld 
pitoc. amek. pHii- Hjc., vou s. jocy 31. 1917. 
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half-inch round bars five inches like in size and nuntber ihost 
of each o! the sleets of the first Raper, $o that results obtained were 
quantitatively comparable ivith the earlier .ones. Each specimen was 
first hardened by quenching at a temperature just above that of 
decalescence as indicated by almost complete loss of magnetic sus¬ 
ceptibility. 

For obser\dng the magnetic behavior of the steel while being 
heated or cooled in the gas furnace employetk the bundle of bars 
was surrounded by a single turn of asbestos-insulated platinum 
wirtp the ends of which were connected with a ballistic galvanometer 
having the usual mirror and scale. The furnace was surrounded 
by a large coil of heavy copper wire through which a direct electric 
current could be established and broken at will by means of a 
sw’itch and storage battery. Before the steel bars were placed within 
tlie platinum loop inside the furnace, closure of the outer copper 
coil circuit caused a brief electric pulse in the loop and a '*kick’' in 
the galvanometer, giving a definite mintmum dcflectioo easily 
observed with considerable precision. With the steel bars inside the 
platinum loop the galvanometer dehection w^as, of coursCj many 
times greater until, with rising temperature, the decalescent point 
was approached; tJien the deflection fell rapidly lo the minimum 
value as above, or very near it. This simple induction apparatus 
was found entirely reliable and satbfactory. 

Each of the nickd-chromium steels e,xhibit€d good generation of 
heal after hardening as above. 

They were again heated, to a temperature considerably above 
decalcsccntic, and quenched as before. This second hardening 
induced a greater generation of heat than the first hardenings 
especially in the case of specimen B, 

Specimen B was slowly heated a third time, somewhat above the 
temperature of complete loss of magnetic susceptibility, and allowed 
to cool very slowly in the furnace until complete rccoverv of mag¬ 
netic susceplibilit)^ was attained j then it was immediately quenched. 
A very fair generation of heat followed this treatment. This was 
quite unexpected because it was thought that true hardening of the 
steel could not have laken place. In the ab^nce of suitable appa- 
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testtlr^of tjcpcriments with ipeeimcns A and B, a 

»^ch followed each treatment. The verj- interesting results of 

hese mt^nrcmerns. differing materially in the two spJmens were 
tabulated and compared. P^imens, were 

The jjrcscnt (third) paper deals with some later experiments 

Sflro ' ^ 

inium steel after its third quenching described above. 

Ployed for " ^^'P^riments an electric furnace was cm^ 

T t instead of the less convenient gas furnace for- 

--ly used, and the latest form of - sder^scope - Ttestr^Jrd 

pyrirer'Th^'f tiiermo-dectriir 

further calibration; hence the temperatures recorded in this paner 

2::::::^- 

thjrr ^ployed in detecting, measuring and following 

he progre^ of heat generation in the steels under treatment waf 
fully described and illustrated in each of the former papers an^ it b 
thought best to omit another description here, 

It will he recalled that “ specimen B " was lefr r., .1 . 

»lcn»c,.pc hard™., of 3., Thi. r. tho »( ^ 

measurements. h.ach sderoscope hardness cited in this LpTrTZ 
mean oi at least ten consistent measurements each m 
made on a fresh spot of surface carefully made sniooih anTflar'™^ 
n order to ascertain the critical temperatures of decalescence 
and recalescence of “specimen B," three of the twelve k! 
very graduaify heated until almost complete loss of Jn 
s.«ep.,Mi.j r^ch^S. This «... 


S56 


BRUSH-GENERATION OF HEAT IN STEEL 


777^ C- One of ihc bars was quenched at this temperature^ and its 
seleroscope hardness was found to be 7^ This may be taken as the 
hardness of "specimen B** after the first quenching described in 
connection with tlie second paper. 

The remaining two bars were allowed to cool very' slowly in the 
furnace tmtil complete recovery of magnetic susceptibility took place 
at about 660*, Recovery was abrupt in temperature. One of these 
bars was quenched at this temperaturep and its hardness w^as found 
to be only 37^ w'hich h not much above aitneakd hardness (31)' 
This seems to me conclusive evidence that true hardening did not 
take place in “ specimen Bon its third quenching already described 



abovep although good spontaneous generation of heat followed the 
quenching. 

The three bars were again healed lo complete decalescence and 
anirealed in the furnace so as to leave all tw^elve bars of ** specimen 
B in annealed condition. 

Fig. I is the curve sheet of specimen "Galvanometer de¬ 
flection'' measures temperature difference, indicated thermo- 
electricaUy. between the steel iitider exami nation and a thermally 
equivalent quantity of water, contained separately in silvered Dewar 
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vacuum jars. Both the steel and the water were usua1t3- brought 
to the same room temperature before being placed in the calorimeter. 
Fift\'-five scale divisions indicate a temperature difference of r" C. 

The ciinre of normal cooling runs out of the figure at the upper 
left hand comer, and is easily distinguished from the others. This 
curve was obtained from a quantity of untreated steel equal in 
weight to specimen B,” and warmed a few degrees above room 
temperature before being placed in the calorimeter. It shows ihe 
normal loss of heat due to imperfect thermal insulation alone, and 
is the basis of comparison for alJ tile other curves. Obviously this 
curve may be plotted further to the right or left without impairing 
its validity; and it may be plotted to intersect any of the other curv'es 
at any desired point, to facilitate study of the other curve at and 
near the intersection. For my own convenience I have constructed 
a metal template of tlic nomial cooling curve, and find it most use¬ 
ful. Of course it is necessary that tlic base of the template be ahvays 
kept coincident with the base line of the curve sheet. 

The curve of first hardening" shows the spontaneous genera¬ 
tion of heat which followed the first quenching at about 777°, the 
temperature of complete loss of magnetic susceptibility, after which 
the scleroscopc hardness must have been about yq. 

The curve of second hardening, indicated by " a/t," shows con¬ 
siderably greater generation of heal. Quenching temperature and 
hardness were not observed; but it is known that the quenching 
temperature was much higher than 777*. 

The three curves thus far discussed were shown in tlie "second 
paper" already referred to, and the other curves here shown were 
subsequently plotted on the original curve sheet. 

The third curve showing spontaneous generation of heat is indi¬ 
cated by " 3g,'’ meaning third quenching (not hardening). To make 
it clear that heat was generated in this ease I have drawn the curv'c 
of normal cooling in a position for easy comparison (the upper 
dotted line). The zq" curve was described in tlic second paper, 
but not plotted. The quenching temperature in tins case must have 
been slightly below 660°, and hardness only about 37. 

"Specimen B," left in the annealed condition at the dose of 
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fonner cacperimcntSp with a hardness nf w'as next gradually 
heated to 554"^^ allowed to cool slowly to 533“ and quenched. It 
was then purposely brottglit to a temperature slightly above room 
temperature and placed in the calorimeter. The prcigrcss of cooling 
is plotted m the curve “4^'' (fourth quenching). For easy com¬ 
parison the normal cooling curve is drawm as a dotted line through 
the first station of the 4^ curve. Be>'Dnd this point the 4^ curve lies 
everywhere bclo^v the normal cooling curve, showing conclusively 
that the steel cooled abnormally fast. In other words, thert was 
spontaneous disappearance or absorpti&n of heat in the sted* most 
notable during the first few* hours after quenching. Hardness was 
35S' 

The restilt of this experiment is remarkable^ and wa$ quite un¬ 
looked for* 1 had expected to find a small generation of heat, if 
anything. 

The steel was next heated to 562^ and quenched^ The result of 
this treatment is shown in the curve 51?/^ with its own dotted normal 
cooling curve. Absorption of heat is again indicated^ even greater 
than in 4^ but somewhat differently distributed. Hardness was 
now 34.5. 

Again the steel was heated, this time to 594^, and quenched. 
Again there was marked absorption of heat. The curve, vvm 
almost identical with qq, and is not plotted^ to avoid confusion of 
lines. Hardness was again 34-5* 

The sev^enth heating was carried to 667° for cjuenching. This 
was a much larger temperature advance than in either of the pre¬ 
ceding experiments^ and was ^bove f/ic temperaiurc 0/ the third 
qite^iching, which w-as followed by very considerable genemiott. of 
heat. But now there was very considerable ^bst^ption of hcatt as 
showTi in curve Hardness w’as now 34, 

It should be noted that the quenchings which were followed by 
absorption of heat were made at rmng temperatures which had not 
been exceeded (except slightly in the case of 4q) since the steel was 
annealccL But in the case of third quenching the quenching tem¬ 
perature was a falling one, reached by cooling from the much higher 
temperature of decalescence. I ean think of no other cause than 
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this for the radically different results of the third and seventh 
quenchings, which were made at substantially the same temperature. 
The temperature difference between complete loss and complete re¬ 
covery of magnetic susceptibility, 117“, was unusually large; but 
while this temperature drop brought about almost annealed softness, 
and full restoration of magnetic qualities, it did not very greatly 
affect that quaJi^ of the steel, whatever it is, ivhich is responsible 
for the spontaneous generation of heat. Seemingly, one or more 
of the several unstable compounds or mi?rtures or the constituents 
of the steel ryhicb were formed at the upper critical temperature did 
not have time to wholly revert to normal annealed condition while 
the metal was cooling to and passing through rccalescence. The 
time of this cooling was about half an hour. 

To confirm the curious result of the third quenching, f. rr., gen¬ 
eration of heat without hardening, the bars were quenched tlie eighth 
time as follows: Slowly heated (nearly two hours) to S19*, slowly 
cooled (nearly one hour) to 6 Sq* and quenched. During the heat¬ 
ing complete loss of m:^^ctic susceptibility occurred at 779", which 
was an excellent confirmation of the former finding (777“). But 
in cooling, full recovery of magnetic susceptibility came at 680“, 
which is 30 ® higher than before. The five intermediate treatments 

Rtsuui or SreciweK B. 


Temperatiire of complete toss of magnetic susceptihitity, 777* C 
Temperature of complete recovery of magnetic susceptibility, 660/680. 
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tt'ny, perhaps, account for this. And this higher quenching tem¬ 
perature may account for the somewhat greater hardness produced, 
which was later found to he 47. as against 37 for the third quench¬ 
ing (74 for true hardening above decalescent temperature). 
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Following the eighth quenching there was good generation of 
heat^ better than after third quenchingp but differefitly distributed in 
time—not &d rapid at first, but mueh better sustained (curve not 
plotted). This appears to confirm the third experimern. 

1 cannot, thus far, offer any promising explanation of the absorp¬ 
tion of heat in the fourth, fifth, sixth and seventh experiments* 

It may be seen that absorption was i^pid during the first few 
hours, and nearly (not quite) ceased at the end of 50 or 60 hoursj 
while generation ^vas well marked up to 1 50 hours. In earlier ex¬ 
periments generation of heat was easily detected at the end of a 
month. 

As it seemed desirable to learn whether plain carbon &ted would 
show^ like the nickehdiTOmiiun steely generation of heat without 
hardening, or absorption of heat when quenched at rising tempera¬ 



tures below the lower critical temperature^ after annealing, the fol¬ 
lowing experiments were made with the carbon steel used (or the 
first experiment described in the first paper of the series. The 
normal cooling curve and upper curv'e of heat generation shown in 
Fig, 2 arc taken from that paper. 

Following is a r^ume of the early and recent expcriiiients with 
the carbon steel: 
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First {Originciy Hardettlng ,—Quenched at vexy high tempera- 
lure. Tiimpeniture and hardness not then observed. Large gen¬ 
eration of heat, as shown in upper curve of Fig. 2. Sciero^icope 
hardness p recently observ^ed^ 79, 

Seci^nd Hardening .—Quenched at considerably 

above decalescence^ but much lower than m first hardening. Com¬ 
plete loss of magnetic susceptibility ocaitred at 7^5*. Good gen- 
eraiton of heati but very much less than in firstp as shown by the 
lowTr curv'c of Fig. 2. For convenient comparison with this curve 
the normal cooling cuni^e is shown as a dotted line appropriately 
located. Hardness was now 73. 

Third Quci^dlmg .—^Hcated to 815*^ somewhat above preceding 
quenching temperature, allowed to cool slowly to 720® and quenched. 
This was a Hide bdaw the temperature of complete recovery of 
magnetic susceptibility, which had occurred at 7^^“. Hardness was 
now only 28.5^ and there w^as fia generation of heut, (The nickel- 
chromium steel had shown good generation of heat under similar 
circumstances.) Note the small temperature difference, 36*^ be- 
lAveen complete loss and complete recovery of magnetic susceptibilitj'^. 
Annealed by heating to 822*, to ohlilerate previous quenching 
effects, and cooling slowly in furnace. Hardness was now 25.5, 

Fourth Queturhing .—Heated slowly^ from annealed conditioUp to 
(considerably bdow" the low^er critical temperature) and 
quenchetl. Hardness was again 28.3, and there was fro (rare of 
absorflion of heat (The nictcl-chronuum steel had shown good 
absorption of heat under similar circumstances.) 

Fifth QifCjic/irtr;g^.“Healed slowly to 732^, Just above the tem¬ 
perature of complete recovery^ of magnetic susceptibilityi and 
quenched* No generation or absorption of heatt nor change in 
hardness (2S.5)* 

Clearlyp the carbon sled showed none of the excentridties of die 
nickclHshromium sls.^1 when quenched below the hardening tempera¬ 
ture. But when quenched a little above, as well as far beyond this 
temperature, they behaved very much alike. 

While considering plain carbon $ted, I thought it worth while to 
obsene heat generation in some steel (or while cast iron) very 
high in combined carbonn and verj' pure othenvise, which I happened 
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tQ have In toy laboratory, 3 shows the composUioti of this 

metal^ which is hard and veiy brittle. The carbon is all combined^ 
and reinains so after heating and quenching. 

An induction experiment with a large Itimp of the metal showed t 
Temperature of complete loss of magnetic susceptibility 737 ""* 



Fig. 3. 

Temperature of complete recovery of magnetic susceptibility 

704°, 

Slowly heated many fragments, aggregating in w'eight that of the 
usual hvelve bars of steel, to and quenched. 

Very moderate generation of heat followed the quencbingi as 
shown in Fig. 3^ and it was much less persistent than usual^ as indi¬ 
cated by its small value at the end of 15^^ hours. Hardness was y 6 . 

The behavior of this specimen of $ted, or w^hite cast iron, w^ not 
thought sufficiently encouraging to warrant further experiments 
with it. 

For a general chock on the performance of the apparatus, tw^elve 
half inch round bars of Swedish charcoal iron, of the aggregate 
W'eight of the steel usually employed^ wrere slowly heated to 960'* 
and quenched. Complete loss of magnetic susceptibility had oc¬ 
curred at Soi^, The bars were warmed aliout three degrees just 
before being placed in the calorimeter. 

There was no trace of heat generation following the quenching. 
Indeed, the cun^c of cooling followed the normal cooling curve with 
such fidehtj^ that nowhere did they differ as much as the width of 
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the curve line. This was very gratifjmg in view of the fact that 
ob^rvatiods for the normal cooling curve were nmde more than 
two years agOp and checked only once since that dme. 

Hardness was 18.5* 

Again heated above decaJescence and annealed by cooling in 
the furnace. 

Hardness remained 18.5^ showing that the previous heating and 
quenching had no effect whatever on the hardness of this, pre¬ 
sumably, ver)' pure iron. 

Spontaneous generation and absorption of heal in recently 
quenched nickel-ehrotniuni sted, would be a better descriptive title 
for the present papery but the subject matter is so intmiatdy related 
to that of the former papers, that it is thought best to retain the 
former title for the sake of continuity. 

In conclusion, I can only esepress the hope that contemplated ex¬ 
periments, on somewhat difFerent lines, may throw more light on 
these interesting phenomena. 

CLEVEtAXCP^ O., 

April* 


THE EFFECTS OF R^VCE INTERMINGLING. 


Bv C. B. DAVENPORT. 

April IS. Ipip.) 

The problem ol the effects of race intermingling may welt inter¬ 
est us of America, when a single state, like New Yoric, of 
9,000,000 inhabitants contains 840,000 Russians and Finns, 720.000 
Italians, 1,000,000 Germans, 880,000 Irish, 470,000 Austro-Hun¬ 
garians, 310,000 of Great Britain, 125,000 Canadians (largely 
French), and Q0,ooo Scandinavians. All figures include those born 
abroad or bom of two foreign-born parents. Nearly two thirds 
of the population of New York State is foreign-bom or of foreign 
or mixed parentage. Even in a slate like Connecticut it is doubtful 
if 2 per cent, of the population are of pure Ai^lo-Saxon stock for 
six generations of ancestors in all lines. Clearly a mixture of 
European races is going on in America on a colossal 

Before proceeding further let us inquire into the meaning of 
“ race." The modem geneticists' definition differs from that of the 
systematist or old fashioned breeder, A race is a more or less pure 
bred “group” of individuals that differs from other groups by at 
least one character, tor, strictly, a genetically connected group whose 
germ plasm is characterized by a difference, in one or more genes, 
from other groups. Thu,s a blue-eyed Scotchman belongs to a dif¬ 
ferent race from some of the dark Scotch. Strictly, as the term is 
employed by geneticists they may be said to belong to different 
elementary species. 

Defining race in this sense of elementary species we have to con¬ 
sider our problem: What are the resulu of race intermingling, or 
miscegenation? To this question no general answer can be given. 
A specific answer can, however, be given to questions involving 
specific characters. For example, if the question be framed: urhat 
are the results of hybridization betw‘een a blue-eyed race (say 

Sb4 
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Swede) and a brown-eved race (say South Italian) ? The answer 
is that, since brown eye is dominant over blue eye, all the children 
will have brown eyes; and if two such children intcr-marry brown 
and bine eyes will appear among their diildren in the ratio of j to i. 

Again, if one parent be white and the other a full-blooded negro 
then the skin color of the children will be about half as dark as that 
of the darker parent ; and the pre^eny of two such cuulattoes will be 
w'hite, and full black in the ratio of t ^4:6:4; r. 

Again, if one parent belong to a tali race—like the Scotch or some 
Irish—and the other to a short race, like the South Italians, then all 
the progeny will tend to be intermediate in stature. If two such 
intermediates intertnatry then veiy short, short, medium, tall and 
vciy tall offspring may result in proportions that can not be pre¬ 
cisely given, but about which one can say that the mediums are the 
commonest and the more extreme classes are less frecjuetilcd, the 
more they depart from mediocrity. In this case of stature w-e do 
not have to do with merely one factor as in eye color, or two as in 
negro skin color*-but probably many. That is why all statures seem 
to form a continuous curve of frequency with only one modal point, 
that of the median class, 

\\ hat i$ true of physical traits is no less true of mental, The 
offspring of an intellectually well developed man of good stock 
and a mentally somewhat inferior woman will tend to show- a fair 
to good mentality; but the progeny of the intermarriage of two 
such will be normal and fecblrsmlnded in the proportion of about 
3 to 1. If one parent be of a strain that is highly excitable and liable 
to outbursts of temper while the other is calm then probably all the 
children will be excitable, or half of them, if the excitable parent is 
not of pure excitable slock. Tlius, in the intellectual and emotional 
spheres the trails are no less “ inherited " than in the physical sphere. 

But I am aware that I have not yet considered the main problem 
of the consequence of race intermixture, considering races as dif¬ 
fering by a number of characters. First, 1 have to say that this 
subject has not been sufficiently investigated; but we may, by infer¬ 
ence from studies that have been made, draw certain conclusions. 
Any well-established abundant race is probably w'cll adjusted to its 
conditions and its parts and functions are harmoniously adjusted, 
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Take tht case of the Leghorn hen. Its function is to lay eggs all 
the year through and never to waste lime io becoming broody. The 
brooding instinct hu indeed, absent; and for egg farms and those in 
which incdtators are used such birds arc the best type. The Brahma 
fowh on the other hand^ is only a fair layer; it becomes broody two 
or three times a year and makes an excellent mother* It is wdl 
adapted for farms which have no inctibators or artificial brooders* 
Now I have crossed these tw'o races; the progeny were intermediate 
in siae. The hens laid fairly ^vell for a time and thro became 
broody and in time hatched Some chicks* For a day or tw'o they 
mothered the chicks, and then began to roost at night io the trees 
and in a few days began to lay again, while the chicks perished at 
night of cold and neglect. The hybrid w'as a faiiiire both as egg 
layer and as a brooder of chicks. The instincts and functions of the 
hybrids were not harmoniously adjured to each other. 

Turning to man, we have races of Urge tall men, like the Scotch* 
which are long-lived and whose internal organs are well adapted to 
care for the large frames. In the South Italians, on the other hand, 
we have small short bodies, but these, too, have ivell adjusted 
viscera. Eui the hybrids of these or similar two races may be 
expected to yields in the second generation, besides the parental ty-'pes 
also children with large frame and inadequate viscera^—children of 
whom it is said every inch over 5' !□'" is an inch of danger; chil¬ 
dren of iusufEcient circulation. On the other hand, there may 
appear children of short stature with loo large circulatory' appa¬ 
ratus. Despite the great capacity that the body has for self adjust¬ 
ment it fails to overcome the bad hereditary combinations. 

Again it seems probable, as dentists with whom I have spoken on 
the subject agree, that many cases of overcrowding or wide separa¬ 
tion of teeth are due to a lack of harmony between ske of jaw and 
size of teeth—probably due to a union 01 a large-jawed, large- 
toothed race and a small-jawed. small-tooLhed race^ Xotliing is 
mote striking than the regular dental arcades commonly seen in the 
skulls of inbred native races and the irregular dentations of many 
children of the tremendously hybridised American. 

Not only physical but also mental and temperamqntal incompati¬ 
bilities may.be a consequence of hybridization. For example, one 
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often set's in mulattoes an ambitjon and push combined with intel- 
Icciiial inadequacy which makes the unhappy hybrid dissatisfied 
with his lot and a nuisance to others. 

To sura up, then, miscegeiiation commonly spelis disharmony- 
disharmony of physical, mental and temperamental qualities and 
this means also disharmony with environment. A hybridized people 
are a badly put together people and a dissatisfied, restless, ineffective 
people. One wonders how much of the exceptionally high death rate 
in middle life in this country is due to such bodily maladjustments t 
and how much of our crime and insanity is due to mental and tem¬ 
peramental friction. 

This country is in for hybridization on the greatest scale that the 
world has ever seen. 

May we predict its consequences? At least we may hazard a 
prediction and suggest a way of diminishing the evil. Professor 
Flinders-Petrie in his essay on “ Revolutions of Civilization ” sug¬ 
gests that the rise and fall of nations is to be accounted for in this 
fashion. He observes that the countries that developed the highest 
of dvilization occur on peninsulas—Egypt surrounded on two 
sides by water and on two sides by the desert and by tropical heat, 
Greece, and Rome on the Italian peninsula. It is conceded that such 
peninsulas are centers of inbreeding. Flinders-Pctrie concluded 
that a period of prolonged inbreeding leads to social stratification. 
In such a period a social harmony is developed, the arts and sciences 
flourish but certain consequences of inbreeding follow, particularly, 
the spread of feeble-mindedness, cpilqisy, melancholia and sterility. 
These weaken the nation, which then succumbs to the pressure of 
stronger, but Jess civilized, neighbors. Foreign hordes sweep in; 
miscegenation takes place, disharmonies appear, the arts and sci¬ 
ences languish, physical and mental vigor are increased in one p^trt 
of the population and diminished in another part and finally after 
selection has done its beneficent work a hardier, more vigorous 
people results. In them social stratification in time follotvs and a 
high culture reappears; and so on in cycles. The suggestion is an 
interesting one and there is no evident biological objection to it. 
Indeed the result of hybridization after two or three generations is 
great variability. This means tiiat some new combinations will be 
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fontied that are better than the old ones; also others that are worse. 
If selective annihilation is permitted to do its benehceRt work, then 
the worsp combinations will tend to die off early. If now new inter¬ 
mixing is stopped and engenical mating ensues, conscicmsly or un- 
ccmsdously, especially in the presence of inbreeding, strains may 
arise that are superior to any that existed in the unhybridiaed races. 
This, then, is the hope for our countty; if immigration is restricted, 
if selective elimination is permitted, if the principle of the Inequality 
of generating strains be accepted and If engenical ideab prevail in 
mating, then strains with new and better combinations of traits 
may arise and our nation take front rank in culture among the 
nadems of ancient and modem times. 

Com SFtuiiG Haxiicr, N. Y., 

April 13 , 15117 . 


MEDL=EVAL SERMON-BOOKS AND STORIES AND 
THEIR STUDY SINCE 1883. 


Bv T. F* CRANE. 


(RfTi^d 191T-) 


Just thirty-four years ago (March 16. 1S83) I had the honor of 
presenting to the American Philosophical Society a paper on 
Alcdtieval Sermon-Hooks and Stories.** The liospitable reception 
of this paper determined the subsequent scholarly career pf the 
writer, and opened up a new field of investigation to the student of 
medieval culture. It has seemed to me not inappropriate at this 
time to express to the Society my grateful appreciation of its en- 
conragement, and to trace as briefly as possible the progress of 
studies in this field since the presentation of the paper in question. 
That the influence of this paper was so much greater in Europe 
than in this country may be explained by the difficulty of obtaining 
materials for such studies in American libraries. The incunabula 
used by me in the preparation of my paper were collected in an 
unusually short time, and 1 did not make use of European libraries 
until after 1S83,’ 


iThe paper was reviewed at length in tJit feltowing seientific jonmah- 
Liienritchej CePifm/frlaU, 1B83. No. ta (E. Stengel); ZeiUckrift fUr dtutsehej 
Atitnkum, N, F. (ififl*), XVI,, flS6 {P. Strauch); Ciomafg ttarifo itUg 
titUratMra itoliana, IV, (1^4). p. 269; Romania, XIL (1883). p. 416- 
miHsinc, II. (1885). Ne. S3 (H. Gaido*). 1 mentioiied my predecessors 
m the field, Thomas Wright and Karl Goedelce, and ihould have given greater 
credit to Hermann Oesterlcy, who in bis edidnns of Pauli's "Schimpf tind 
Ernst,** i8a, Kirdihof’s " WendTinmuth." iSfift and ''Gesta Romanonim" 
t8?2. showed himself a master of this field of study. Bui, unfortunately his 
cnidittoft is confined to the comparative notes and not displayed in any gen¬ 
eral work, Hisinnumeratile references to medieval sermon-books and stories 
were of great use ro me in all my studies, The impetus to my work wa* 
given by Goedeke’s article, "Asinus vulgi" in Benfey’s “Orient und Ocei 

«‘C meniion of the subject in the introduction 

to A Sekehon of Latin Stories." Percy Society, VoL VI 11 1842 j Jo 
know how I overlooked this writer's essay “On the History and Transmission 

FRac_ AUza- miL sot, v&i^ lti, y, jutt ij, (917, 
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The history ot the study of this field is an interesting one and 
goes back a little over a century. In iSi^^ Jacob and W'ilhelm 
Grimm, then obscure ofHciab of the royal library at Casseh pub^ 
lished the first volume of thetr mimortal Kinder- und Haos- 
marchon/' which was completed three years later. Fairy tales had 
been collected much earlier in Italy and France, biiE the Grimms^ 
collection was the first one made by scholars for a scientific pur¬ 
pose. The editors were especially interested in finding that their 
stories contained features in common with the Northern mythology. 
As their investigations broadened^ however, they discovered that 

of Popular Stories " In the second volume, pp, 51-^1* of ^ Essays on Suhjeirts 
connected with the Literature. Papular Superstitionii, and History of England 
in the Middle Ages,” London, 1^46. The lue of ilinstrativc stones in sei' 
mons, and collections of these stones for the use of preacdiers, are tnentioned 
at some length. The “ Promptuarium Exeuiplorum,"" and John of Bromy'ard 
are named among others. It was not unlil recently that my attention was 
called to what is piabably the earHesf meutian of Jacif|UG:5 de Vitry and the 
use of ej-f it occurs in F, W. V, Schmidt's edition of the "" DiscipHna 
dericalis/' Berlin, rSsjr In speaking of the story of Arfetotleand Alexander^* 
wife, Schtnldt says, p. 106^ *'Zuerst aber braehtc ihn Jacobus de Vttriaco lU 
Anfange dei dreiEchnun Jahthujlderts aus dem Morg-enlandc. Ab Bischof 
von Ptolcmais war er besondera geeigncT Kutn Vermttiler dcs Onenis und 
Occidents, indena er seine letetcn Tage in Rome verlebte.*^ The storj- in ques- 
tine Schm Ed t quotes f rom Disci pu Ins ( Hcrolt), " Pramptuariuiu Exemptorum,'’ 
ui dicil magiiter Jacobus de Vitriaco.^ This ilory is not in the Sermnncs 
vulgares," but is in the “ Sermones communes '* recently edited by Frenken 
and Gres^cn. Schmidt dtes the "Speculum Exemplorum'' scs'cral times and 
frequently mentions Herqlt, saving of his " Promptuarlum,'' ^ Einc uiier- 
schupBichc Schalakammer von geigtliehcn und tnoralisdtcn Historien und 
March CO. Wahrachehilicb bestirnmti als Anweisung lur Kindercnieh ef m 
ciner belehrcnden Unterbalning/' After Wright and Goedeke there was no 
general reference to the subject until the histories of French and German 
preaching by Lecoy de la Marche. iSeg. and Cruel (i8?9). The latter 
especially useful on account of its detailed descripunu of the materiala em¬ 
ployed by German pre.'ichers. No conspectus of the entire field appeared 
until iSfio. when the w riter's " Jocqucs de was published at London 

for the Folk-Lore Society. The iutroduction to this work may be CDnsidercd 
an enlargement of the paper presented to the Ametican PliSJoaophlcal Society 
My owm library had grown extensively in the seven years which had elapsed 
between 1883 and and i had been able to consult European libraries on 
Severn! cM^casions. Subsequent works in this field have modified slightly 
some of my ststcmciats in the introduction lo " Jacques de Viiry," but j 
not aware that I overlooked any impurtant materiaEs acceisible Uforc 
wlLb the usceptiun of a few works which I shall examine in the course of tJds 
supplementary paper. 
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these features were contained in the popular taks of the other na¬ 
tions of Europe, The Grimms were essentially philologists and ap¬ 
plied to their ntiircheti the methods of comparative philology which 
had grown out gf the revival of Sanscrit studies by Sir William 
Jones, Franz Bopp and Theodor Ben fey. 

The theory that the popular tales of Europe were related as 
were the languages in which they were narrated, both going back 
to a period in which the Arjan peoples were supposed to have had 
a com man language and mythology, broke down, so far as the popu- 
br tales were concerned, when they were found to be essentially the 
same as those of non-Aryan peoples, and the favorite theory of dif¬ 
fusion from India in historic times was weakened by the discovery 
of popular tales in the tombs of ancient Egypt. 

The question of the origin of popular tales has from the first 
been connected with that of mythology, and the further question of 
their diffusion has depended largely upon the view of their origin. 
If the popular tales.were part of the mythology of the Aryan na¬ 
tions, then their diffusion could be explained by the dispersion of 
those nations into the different parts of Europe. 

If, on the other hand, popular tales were merely a branch of 
entertaining literature, largely of Oricntid origin, then in order to 
expbin their extraordinary diffusion in Europe and elsewhere, it 
was necessary to discover the channels of transniission, literary or 
oral, which conveyed these tales over such an amazing expanse of 
territory. 

The theory of the origin of popular talcs in India and their trans¬ 
mission, largely through literary works, in historic tunes, has always 
been a favorite one in Germany, owing chiefly to the q>och-niaking 
translation of the " Pantschatantra " by Theodor Bcnfcy, the intro¬ 
duction to which conneclecl the tales of India with those of Europe. 

In England, at a later date, the thcoiy of the ori^n of popular 
tales has been connected with the anthropological studies of Tylor. 
Frazer and Eing, and again become a part of the mythology of 
primitive races. Before, however, this latter explanation came into 
vogue, the interest in the subject was almost wholly confined to the 
question of the means of transmission. These means, it was 
cbimed, were largely literary and consisted of collections of Indian 
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stories translated into the vtirious bnguages of Europe where they 
enjoyed extraordinary popularity during the middle ages. It was 
admitted that these tales were also introduced into Europe by oral 
transmission on the part of travellers> and later by those engaged in 
the Crusades. 

The earliest mention of a peculiar means of Oral transmission, 
that of preachers in their sermons, was made by Thomas Wright 
(tSto-tSyy), the distinguished English antiquarian, in the intronuc- 
tion. to his Selection of Latin Stories from Manuscripts of the Thir¬ 
teenth and Fourteen 111 Centuries,” Pen^- Society, VoJ. VIII., London, 
1S43. The collection contains 149 talcs from various MSS. in the 
British Museum. Of these the editor says in his Introduction, p. vi, 
“No manuscripts arc of more frequent occurrence than collections of 
tales like those printed in the present volume; and we owe their 
preservation in this form to a custom which drew upon the monks 
the ridicule of the early reformers. The preachers of the thirteenth, 
iourteenth, and fifteenth centuries attempted to illustrate their texts, 
and to inculcate their doeritics, by fables and stories, which they 
moralized generally by attaching to them mystical significations. 
These illustrations they collected from every' source w'hich presented 
itself, the more popular the belter, because they more easily attracted 
the attention of people accustomed to hear them. Sometimes they 
moral iaed the jests and satirical anecdotes current among the people 
—sometimes they adopted the fabliaux and metrical pieces of the 
jongleurs, or minstrels—and not infrequently they abridged the 
plots of more extensive romances. Each preacher made collections 
for his own use—he set down in Latin the stories which he gath¬ 
ered from the mouths of his acquaintance, selected from the colleo 
lions which had already been made by others, or turned into Latin, 
talcs which he found iu a different dress. ... I am inclined to 
think that the period at which these collections began to be made 
was the earlier part of the tbirtecnib century, and that to that cen¬ 
tury we owe the compilation in Latin of most of these talcs, though 
the greater numher of manuscripts may be ascribed to the four¬ 
teenth.” 

Wright mentions John of Bromyard and the “ Prompt uarium 
Excmplorum ” and dwells on the importance of these talcs for the 
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light they throw on the private life and domestic manners of "our 
forefathers." Thirty-sis of Wright’s stories are from the Harley 
MS. 463 (fourteenth century), the source of which is not indicated, 
but which really is an estensive collection of the exemfila of Jacques 
de Vitry. Wright was unaware of the source of these stories and 
mentions the name of the famous preacher but once, in a note to 
stoiy Ixxjtiti, “ Prooiptuarium Exemplorum (quoted from Jacobus 
de Vitriaco).” 

A few years later Wright returned to the subject in an essay 
" Oo the History and Transmission of Popular Stories” in "Essays 
on Subjects Connected with the Literature, Popular Superstitions, 
and History of England in the Middle Ages,” London, 1S46, VoL 
IL, pp. Essay xii. The writer dwells on the introduction 

into Europe of eastern stories by the jongleurs (citing as illustra¬ 
tions the stories of the ” Hunchback," " Weeping Dog," etc.). He 
mentions the great Oriental story-books and says. p. 6t, “Their 
popularity was increased by another circumstance which has tended, 
more than anything else, to preserve a class of the medieval stories, 
which were less popular as fabliaux, down to the present time. In 
the twelfth century there arose in the church a school of theologiaos, 
who discovered in everything a meaning symbolical of the moral 
duties of man, or of llie deeper mysteries of religion, . , , In the 
thirteenth century these stories with moralizations were already 
used extensively by the monks in their sermons, and each preacher 
made collections in u’riting for his own private use, , . . The mass 
of these stories are of the kind we have described above, and are 
evidently of Eastern origin: but there arc also some which are mere 
medieval applications 0/ classic stories and abridged romances, while 
others are anecdotes taken from history, and stories founded on the 
superstitions and manners of the people of western Europe, Not 
only were these private collections of talcs with moralisations, as 
we have just observed, very common in the fourteenth century, but 
BCveraJ industrious writers undertook to compile and publish larger 
and more carefully arranged umrks for the use of preachers, who 
might not be so capable of making selections for themselves. 
Among these the most remarkable are the ‘ Promptuarium Exem- 
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plorujti,' the ‘Stinima Predecantiuni' of John of Bromyard, the 
* Repertorium Morale’ of Peter Berchorius, and some otlicrs.*' 

The subject received no funher attentiem until lS6i, when an 
Important article by Karl Goedeke (iSi4-!8S7). the famous his¬ 
torian of German literature, was published in Ben fey’s periodical, 
Ortcrtf ifiid Occident, Vol. I, (Gottingen, i86l}, pp. 531-5601 The 
article in question, “ A sin us vulgi." is a study of the origin and 
diflfosion of the well-known fable of the father and son who ride 
their ass alternately without satisfying the critical public (La Fon¬ 
taine, III. r, "Le nieunicr, son 6ls et I'ane"), This fable is found 
in the “Scala Celi " of Johannes Junior (Gobius), Ulm, fob 
135, where it is introduced by the words; “Refert Jacobus de 
Vitriaco." It is a curious fact that this particular fable, which led 
Goedeke to speak of Jacques dfr Vitiy', is not found in the two cnl- 
lections of sermons belonging to that prelate, but is one of the many 
stories in circulation attributed to hint on what authority wc do not 
know. In the article in question Goedeke emphasises the impor¬ 
tance of Bromyard’s work: “Kaum irgend ein andres W’erk dcs 
Mittelalters ist so reich an Fabehi und Geschichten als das seintge, 
und kaum etn anderes ii'on dicser Bedeutung so wenig gekanut,’* A 
little later he says: *' Die Exempla, auf die sich Bromyard beruft, 
siod kein aufs geratewohi gebrauchter Ausdnick, sondem cin wirk- 
hch vorhandenes fur die Verbreilung der orientaUschen Fabein und 
Geschichten ins Abendland sehr wichtiges Werk, das Speculum 
^niplorum dcs Jacobus de Vitriaco," He calls Jacques de Vitry: 
“einen der Hauptcanale, dureh welche orientalische Sagen nacii 
Europa kamcn.” Goedeke then gives some twenty-five exeinpla 
from the Harley MS. 463. used by Wright in his "Latin Stories" 
which by comparison with the stories In the " Scala Celi ” Is showm 
to contain many exemp!a hy Jacques de Vitry. He thus shows the 
importance of the mysterious " Speculum Exemplorum " of Jacques 
de Vitry', a ventaik “Verlorcne Handschrifi," for which he had 
sought in vain. It is strange that it did not occur to Goedeke to 
examine the sermons of Jacques de Vitry. the existence of which at 
Pans and elsewhere he knew. 

In hi! Uttr boot. " Every-Man, Honnilus ond lltkastus.” Hann- 
oiar. 1865, ho rni™ to ihc .object and ,ays; -■Eincn der Hanpl- 
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karta!?^ durch uclche die Sagen des Orients rtach Europa fiossen^ hat 
die Forscliung bisher fast unbeachtet gebssen. Es sind die kirch- 
lichen Schriftsteller des ilHtelalters, mm Thdl auch die alteren 
PatreSp die ftlr die Kircheii' und Dogmengeschichte nicht vorzuga- 
weise van \\ icbtigkeit erschienenJ' He does not have occasion to 
mention Jacques de \1try, but cites a brge number of medieval 
writers containing and displays a wide knowledge of indi¬ 

vidual authors, but nowhere gives any general view of the subject. 

In appeared A. Lecoy de la Marchers " La ebaire fran^^aisc 
#iu moyen age’^ (second edition corrected and enlarged, Paris, 
t886)p in which was given for the first time an adequate account of 
the use of exeinpla in French sermons of the thirteenth century* 
and of the importance of Jacques de V^ilry’s “Sermones vulgares** 
for this field of study, A similar work dealing with the twelfth 
centurj', ** I.*a ebaire fran^aisc au XII e sieele d'apres les nianuscrits,^' 
was published by the At^ L. Bourgum in 1S79. Tins i>eriQd is not 
so interesting for the study ot rrcnipfo as the succeeding ceiiliiry, 
when the systematic use of in sennons began to prevaib 

In the same year appeared R. Cruers *• Geschichte der deutschen 
Predigt im llittelalterp” Dctmold. 1879. This admirable work, to 
which 1 was greatly indebted in my |>aper on "VMedisevat Sermon- 
Books and StoriesJ' is especially full in its treatment of homiletic 
treat] sds.= 

Although the use of illustrative stories in scnrions was treated 
at some length in the three works just mentioned, the first collection 
of such stories to be published was not taken from sermons, but 
from a homiletic treatise for the use of preachers, the "Tractatus 
de diversis materiis predicahiiihus ordinatis et distinctis in septem 
partes, secundum septem dona Spiritus sancti." by £tienne de Bour- 
bon. a Domini can who died at Lyons about t^i.* The extracts 

^ A few years earlfer tlian Gruel's work sinpeared Wilhclfn Wackemagers 
Altdculsche Predigteii und Gebelc au^ Handschrifteti/' Basel, He 

rnentfons Honoriiis of Autun's " Spcciiluin Eccleii?:," but not the 
contained in iL .He alludes also to symbolism and " Prcdigtuiarkin/' although 
very briefly, and Hcroll and Brom>^rd ilbtie in their of writings. 

Anoliicr German work in this hrlcf appeared m the same year as my paper: 
^'KuliurifeKbsclitliehM ana deulsdien Predig ten dcs Mittelalters," by Dr. K. 
Rinn, Hamburg. i80i5. He mentions “ Predtetmnrletn ** very briefly, 

* This stairment that Lecoy de la Marche's edition of Rdctine de Bourbon 
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trom this work published by A. Lecoy de la Marche in iSjJ for the 
Societe de THistoire de France under the title: ^'Anecdotes his- 
toriques^ legendes et apologues, tires du rccueil inedJt d^fitienne de 
Bourbon^ doininicain du XIHe si^le/' gave n great impulse to the 
study of C4:fjw/jjfa. The coflncctlon of the author with Jacques de 
Vitryp many of whose ex^mplo he has preserved in his treatise+ and 
the interesting character of the stories thcniselves, combmed to 
make the book attractive and to increase the interest in the subject,* 

ITie only other collection of cxempla published T>efore 1S90 wxis 
the Recull de e?eimpHs. Bihlioteca catalana/^ Barcelntia^ 1S81-S8. 

1 wa$ able to use the first volume only for my paper on Medt^ev^al 
Sermon-Books and Stories/^ but in my introduction to Jacques de 
Vftry I had the second volume also and was fortunate enough to 
discover the original of the collection^ which was the “ .Alphabetum 
narratiofiump^’ formerly ascribed to fetienne do Besao^on^ but prob¬ 
ably by Arnold of 

Such was the condition of studies in this field when my edition 
of the cTcmpla of Jacques de Vs try was published for the Folk- 
Lore Society at London in 1890. It U the purpose of this paper to 

15 the lir&i colkctifln of to be puhlbhei^ in Tnoderri Hmei, should be 

modliitEl setnewhat {n view of Thomas Wpight's " Latin Stories," t8;42, which 
were talien from " JacquM de Vitry ” (although Wright did rot Itnow this), 
and from the tien?itetie treatises and collections of Bromj'ari], Kerolt, etc. 
The collection pf “ Predigrtmarlein " by Pfeiffer, ituhlished in in the 
Gtrmania. IIL. 407 - 43 ^ and the extracts, one hundred in number, from 
the Cennan " Secientrost," published by K. Prommann in "Die deutschen 
Mundarteti," Xumberg, 1854, and, finally, the complete Olil-Sw(dUh iransta- 
tion of this worV, edited by G, E. Klcmminp. Stoduholm, 1871,^73, are all 
anterior to Lecoy de la Marche’s " Btienne de Bourbon," These works, how¬ 
ever, with the exception of Wrighl'i were little known, and were overlooked 

^ introdoction to "Jacaues 

de Vitty," ^ 

*In tflSg Leeoy de la Marche published a popular work, “L’Esprii de noa 
aieux. Anecdotes et bona mots tires de$ manuscriis du XlTl* siicle," con¬ 
taining one hundred and fifty stories translated from the exemi'la of " Tacoues 
de Vitty” (41). ■■ £tienne de Bourbon " (73), and others. 

»Sec Herbert, "Catalogue of Romantes," p, 4i?3, and an article by the 
^e writer, The Authorsiiip oF the Alphabetiitn Katratiomm," in Tht 
Library. N S„ VI. <igos), pp. p 4 -«r, .An early English iraiulation of this 
^□ui collection was published by Mrs, M. M, Banks (or the Early English 
Text Society. Original Series, 136-7, iW-S. "An Alphabet of Tales." The 
third volume of notes, ett, bas not yet appeared. 
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con-siJcr briefly the Avarks produced since that date and to estimate 
the results of study in this field," I sliall divide my materials into 
treatises on exeinpla in pc'trtJcular localities^ collections of ejtrtmph* 
and works containing selections of t^x£mph (anthologies). All 
these 1 shall consider so far as possible in chronological orderJ 

The unity of the Church and its official language produced 
ihroiighout the Middle Ages a cosmopolitanism Avhich has never pre¬ 
vailed again since the Reformation. The preachers in all the coun¬ 
tries of Europe used the same homiletic treatises and drew their 
illustrative stories from the same sources. It is true that the sys¬ 
tematic use of txt^tnpla arose in France and that the influence of 
Jacques de Vitiy and Etienne de Bourbon was very great; but 

* 1 have already indicitcd some of the niatenat w‘hich I overleoked la my 
paper of 1883 and my introdtictTaii 10 ''Jacqqts do Vitry* ejciutph, 

It may be well to rcca|>itubtc here these omissioitj and to correct some errors. 
Of collections of rreni/io accessible before 18B3, I overlooked the GermaTi 
“ Selentrosttin Die deuuchen Miindaiien,” rS^ and Geffcken''a “Biider- 
catechisoms des funfiehnlen Jahrhunderts,'^ sis well as the Old-Swediah 
ver^ton edited by G. E. Kletnmmg and printed at Stockholm, l8?l-;ra. I was 
wrong in supposing that the work of Amoldus cited by Herolt referred to 
the ^^GnotoEolitas sive Speculum conscientiw" by Arnoldia^ GcUboven of 
RotEerdam. Mr. Herbert m hts ^Catalogue of Eomanccs,” p, 437 f points out 
my mistake and shows that the work in question W35 a treatise on canon law^ 
and tliat tlie Arnoldus dted by Heroll w^as probably the author of the ^ Alpha- 
betum narrationump" tong a^ribed to Etienne de Besajicon. 

Frenkcn in Ms ''Jacques de Vitry/' to he mentioned further on, ntenrionE 
my omifston of two famous German preachers, Geiler a^oh Kaisersberg and 
Abraham a Saneta Gara, who by their eictcttsive use of rjreiK^/a contributed 
greatly to the diffusion of these stories. Some of the statements in my Intro¬ 
duction require m&dihcaljon in view of materials discovered and printed sub¬ 
sequently, and I shall consider these in the course of ibis paper. 

^ As I must necessarily be brief in this paper, 1 would refer for more 
lengthy reviews of ccrEain of the w^orks about to be mentioned to arEielca by 
me io the following journals: Jfodeni fAifWojy,Vok IX., No, 3 , l^tl, pp.225- 
337, "Mediarval Story-Books^' reA sew of Herbert's "" Catalogue of Romances,'^ 
ibid.^VolX-, N0.3,1013, pp. 301-316, "New Analogues of Old Tale*/' review 
of J- Kkppcr's "Ejcempla aus Haodsebriften des Mlltetalterfi,'' 

Vol. VI., No. 2, iQi^ pp. 219-236, Recent Collectioiis of ExttttpUr 
review of A. Hilka's “Ncne Beilrigc lur Erzlhlungslileratur des Mittelal- 
lers,'' J. Th^ Welter's " Specnlnm Laicomm," and J, Greven's and G. Freuken'i 
“Die Exempla des Jakob von Vitry": and Vol XXXIt., No. 1, 1917. kP- 
26-40,1 reAucw of J^ Klapper's " Eriahlungcn des MEttclallcrs,'' ihid.p Modirm 
Notes, Vol XXVTI.. No. 7 - 1912, pp. ''The Exemplum In 

England,” review of J, A. Mosher^s book. 
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Caesarius of Heistcrbach beloiig^s to Germany and Otlo of Cheriton 
was an Englishman. The use of fscmpla by French and German 
preachers has been fully treated by Lecoy de k Marche and R. Cruel 
in tlic worhs mentioned above. The history of exempla in the Neth¬ 
erlands during the Middle Ages is the subject of a book by Dr. C. 
G. N, Dc V*ooys: “MIddelnedertandscbe Li^nden eii Exempelen. 
Bijdragc tot de Kennis van de Prozalitteratoor eti het Volki^loof 
der Middclceuwen,*' S-Gravenhage, iqoo, Svo, pp. xj, 362. The 
plan of Dr, De Vooys’s book is as follows: Tbe first chapter is de¬ 
voted to the principal sources of exemph: the " Vita Patnim," Grqg- 
oiy 's ‘' Dialogues,” the ’■ ExordtUMm magnum ordinis Clstercicnsis/' 
Casarius’9 “Dialers miraculorum/’ Thomas CantimpTUtensis’s 
“Bonum universa^le dc apibus,” Vincent of Beauvais's " Speculum 
historiale,” and Voraginc's “Legenda aurea." The second chapter 
treats of the rise, development and spread of txemph, and discusses 
briefly the use of txempla in sermons and their collection in homi¬ 
letic treatises. The following nine chapters treat of Qxempla classi¬ 
fied according to personages, etc.: the Virgin, Jesus, the Devil, the 
Jews, the Sacranicnt, Prayer and Confession, and the " ^^otuor 
novissima” (Death, the Judgment, Hell, and Heaven). ITie last 
three chapters are devoted to the allegorical element in exempla., 
the influence of mysticism in exanpla, and moralizing exempla. 

Dr. Dc V^ooys's book i$ a convenient r«um^ of the whole sub¬ 
ject. indeed, almost the only one thus far, and he cites a large number 
of Dutch works, printed and manuscript. The ntost important of 
these are certain fifteenth-century treatises containing exempla 
sporadically. They are interesting only as showing the persistence 
of the (jeHTc and its wide diffusion. 

To trace the history of "The Excmplum in the Early Religious 
and Didactic Literature of England" (New York; The Columbia 
University Press, iqu, Svo, pp. xi, 130) is the task which Mr. J. H. 
Mosher has undertaken. Tlie exempUim began its course in Eng¬ 
land in the ^rly translations of Gregory’s " Dialogues" and the in¬ 
fluence of his ■“ Homilies,” Later, some of the most important col¬ 
lections of exempla were made by Englishmen, such as Odo of 
Cheriton, Holkot, Bromyard, tlic uncertain author of the ” Speculum 
Laicorum," etc. The other classes of exempla literature are erjually 
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well represented, and Nicole dc Bozon*s Contes mor^Jz^p*' William 
of Wadington's “ Manuefdes Pechiez ” and its translation by Robert 
of Brunne,Kandiyng Synne/* are among the most iniportant works 
of their kind. Two of the works treated rather inadequately by Mr. 
Jlosher have been published since my ''Jacques dc Vi try/' and I may 
consider them here very briefly out of their chronological order. 
They are: “Jacob's Well" {ed. Brandeis, Early English Text So¬ 
ciety, No. 115, 1900) and John Mirk's “Festial '^ (cd. Erbe^ E. E. 
T. Soc- Extra Series, No. 96, 1905)* The latter, which is earlier in 
date, was written hy a member of the Augustiutan canonry ot 
Ulleshul ill Shropshire before 1415.* The work consists of seventy^ 
four sermons for the festivals of the ecclesiastical year, with copious 
use of illustrative stories, many of which (26) are, as would be 
expected, from the '^Leginida Aurca/' three only are from the 
Viue Pat rum/* usually more freely drawn upon. “ The sermons," 
as Professor Wells says, op. dt., p. 302, “ are aU intended to provide 
material for delivery by ill-equipped priests, of %vhom, says the 
Praefatio, ‘mouy cxcuson ham by defaute of bokus and sympulnys 
of lettrure.^ . * * But especially notable is the extensive use of nar¬ 
rative, not merely in the inaln line of the discourse, but in the hun¬ 
dred or more illu?dralivc fiuiriilfoMfj- Clearly, unlike Wycliffe and 
his followers, Mirk approved heartily of employment of tales in 
preaching, indeed, he directly defends the practice* But he shows 
control and judgment in use of thein. The mrriiUmus, sometimes, 
as many as five in a sermon, are always closely connected wdth the 
theme: they are introduced with the declared purpose of enforcing 
the issue through conviction or stimulation; and* the story ended, 
the hearers are usually brought back to the point illustrated. The 
tales varj" much in kind; some are over-inarv^clous, some have local 
flavor. It is not at all wonderful that these simple pieces of prose 
full of narrative, caught the popular taste, and that, when the other 
native totlcctjon$ and c>^cles were on the w^nc, these were copied 
into many MSS., and (unlike any of the other groups), as soon as 
the press was available, ’ivere printed in edition after edition."' 

»Sce C. H. G«rouId‘s "Saints" Lcfinlds,” and New Vqrk. 1916, 

pp. 1^4, 363, md J. E, Wellses “ A Manual of tbe Wridneg in Middle English, 
1050-1400.” New Haven, 1916, pp. jot, Sai. 
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The olher work m«iuioned above, " Jacob’s Well/' w'rhten by an 
unknown author in the first ijuarter of the fifteenth century, accord¬ 
ing to the editor, belongs to the class of allegorical treatises, although 
it is really a collection of sentions, which seem to have been de¬ 
livered day by day within the short space of “his hool iweyne 
monythys and more,” as the author says in the beginning of his 
last chapter, Mr. Mosher thus describes the work; “A Biblical 
figure (John iv, 6, Erat auleni ibi fons Jacob) is expanded into a 
truly marvellous allegory of the elalionite penitential scheme. A 
pit of ooay water and mire, representing man’s body beset with sins, 
is to be made into a wholesome well wherein may flow the clear 
water of Divine Grace. The dirty water, or Great Curse, must first 
be removed; then the mire, i. e., the seven deadly sins. Next the 
five water gates, the five senses, must he stopped up. After this the 
digging must continue until the seven pure springs, the gifts of t]ie 
Holy Ghost, are reached. Then follows the wailing process in which 
stones, sand, mortar, even the windlass, rope and bucket, are, need¬ 
less to say, the customary virtues. 

".\t regular and frequent intervals ‘Jacob’s Well' lias a pair of 
cxempla taken mainly from the * Vitse Patrum/ 'Jacques de Vitr;-,' 
' Cffisarius,'' Legenda A urea,’ and l^ends of the Virgin. The tales 
are therefore hackneyed, hut they are frequently forged into a new 
glow by the striking diction of the zealous redactor, ... Of course 
the stories are uneven; some vivid, others dull; some brief, others 
elaborate. Though not so numerous, they are generally slightly 
longer than those in Mirk's ‘Fe.stial.' . . . With 'Jacob's Well’ 
the cxemphm appears to have reached its maximum employment 
in the religious treatise, just as it did in sermon literature with the 
contemporary ' Festial' of Mirk.”'* 


'Of die ei(rbtytwo siDries in the fifty chapter* published tuenty-tura »pe 
from Cacianus." four from the " Legenda aurea,” five from “filicnre de 
l^urbon, ’ ten from the " Vila Palmtn." and twelve from “ Jacque* de Vttry." 
^e sutmmt nn p. i^ “ Loral color then became occasionally noticeable, 
though dtslmch^ English charactcriitira were here, ai elsewhere among the 
floating body of nmvcrs.1 lalci. sparse.- would have been modified if the 
author had been able to consatt ihe collections analyzed in Herhert’s "Cata¬ 
logue, which will be mentioned in a moment He would have seen that there 
are many spenfieally English rtories in ihe "Speeulum Uicoram," eif A 
certain ntimher ate in the - Liber ExempTomm," edited by Little (sec later In 
this paper), with which Mr, Mosher was acquainted. 
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One of the most importanl, certainly the most useful, of the 
works published in the field of mediseval tales since 18S3 is Mr. J. A. 
Herbert's "Catalogue of Romances in the E^partment of ManU' 
scripts in the British Musetmi," VoL III., London, ipto, crown Ss'o, 
pp. xit, 720,Flow extensive the field is with which this volume 
deals may be judged by the fact that it contains an analysis of one 
hundred and nine manuscripts and refers to over eight thousand 
stories, many of which are, of course, frequently repeated. Too 
much praise cannot be given to the analyses in this and the pneced' 
ing volumes of the “Catalogue,'' “In general," as 1 have said in 
my review of Mr. Herbert's work in Modirn Phihhffy, " the stories 
are without literary form, often they seem mere memoranda for the 
preacher to expand as he wishes. The scholar who is comparing 
collections or tracing a particular ex^mplum wishes to know the sub¬ 
stance of the story in a concise form, if possible, with references to 
other manuscripts or printed works. The analyses by the late Mr. 
Ward and Mr, Herbert arc bej'ond all praise. Especially in the 
volume before us Mr. Herbert has shoivti himself profoundly ac¬ 
quainted with the vast and intricate subject of mediseval tales. His 
references are exact and copious and will save the student an 
enormous amount of labor." A considerable ouniber of the manu¬ 
scripts described in this volume have already been priuted, wholly 
or in part (one of the most important, to be mentioned presently, 
since the "Catalogue” was issued), and are thus fairly well known 
and accessible to students. A great number of coUcctious, how¬ 
ever, were quite unknown, and their contents are now' for the first 
time revealed to scholars, and have widely extended the already 

» The first and second voluines. edited by die Sate H. L. D. Ward, were 
published in iflSj and tSm, and deal, Vol. I., with Da^sicol Romaiiccs (Cycle 
of Troy, Cycle of Alexander, etc.) i British and Enijlish Traditions (Cycle 
of Arthur, ctC->; French Traditions (Cycle of Charlemagne, etc.); Mised- 
laneoui Romances, and Allegorical and Didartic Ronunees; VoL U,, with 
Northern Legends and Tales; Eastern Legends and Tales; .Itwpie Fables; 
RejTiard the Fox; Visions of Heaven and Hell: Les Trois Pelerinagea; and 
Miracles of the Virgin- The last divisinn, filling pp. sS 6 -t 5 pi. is of particular 
value for the study of fJftmph and is intimately associated with the subjects 
treated by Mr. Herbert in VoL 111 . The same may be said to a lesser degree 
in regiard to the class of Visions of Heaven and Hell, some of which, the 
Theophilus legend, for instance, recur so constanily iu collections of 
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enormous field. I shall fiave occasion to Tcicr frequently to this in- 
valuable work in the remainder of this paper. 

The use of ^xevipl^ or illustrative stories b os old as religious 
ifistruction itself; but the s^^stemalic use of such stories in sermons 
(to which their great vogue is due) is of comparatively recent date* 
The influence of Gregory' the Great was profound in this directiorL 
In his homilies (before 604), and especially m his dialogues^ he em¬ 
ployed a large number of legends, and the popularity of the latter 
work, translated into the various lai>guages of Europe^ exercised a 
powerful influence on later collociors of legends. It was not. how¬ 
ever, until the end of the twelfth or the beginning of the thirteenth 
centuw that the use of m sermons became common, owing 

to the rise of the preaching orderSn In my paper of 1^3 and in my 
introduction to “Jacques de Vitry'* I ascribed to that distinguished 
prelate the first systematic use of exnnpta in sermons. I should 
have modified somew'hat this statement if I had seen some ^vorks 
which appeared after my articleSp still, even in the light of recent 
researches I was not far from the tmth>^ In giving the priority to 

My statemenCK p. xix of my bitrcKluclJon to “ Jacques de Vitr>‘," that it 
wasnQl until the end of the twelfth or the beginning of ibe thirteentii century 
that the practice of lining fxfmfila became common, owirtf to the rise of the 
preachingorderSp was questioned by tlie late Anton Schonbach in Studleu 
?ijr Erzlhtun^ltteratur dei Mittelalters,^ Erster Theil, p. 2. He eputents 
himself by stating that my conclusion so far as French preaching in the 
twelfth century is concerned is in contradiction with the facts, and refers to 
La chaire franeaise au XII" slecte.*^ pp. 25b et seq, Bourgain 
nfiwhcre mentions the systematic use of fxcmt^la; indeed, he never, I believe, 
uses the word in its technical meaning. He does cite Guibert dc NoKcnL 
without place, as to the use of Illustrative material. I naid in my introduc- 
tlon, p. note, that I could hnd no reference up rxtmph in GuIbcrt de 
NogenVs “* Liber quo ordioe sermo fieri dcbcat'^; here ia the pas$age quoted 
by Eourealtij and another I may add. The first is Migne, CLVI., coL 25; 
** Placere ehatn nannullis comperimo^ simplices bi^iorias, et vetcrum gesta 
sermon! inducere, ei hii omnibus quasi ex dweriis picturam colorifaus ador- 
nare.'" The second ivajisase n in toI, 39: ‘^et jacr consideratloncm nature 
ifllus rei de qua a^tur, nliqnid ^leqorise vel moralilali convcnleris invenltur, 
slcut de lapidibua getnmarii^ dc avibws, dc bestiis, de quibus qttidquid fif^iate 
dicitur, non nisi propter signlficantiani profcrfcnr." 

Schonbach also cites Honorius of Aulun, We met von Ellerbacb, and the 
collections of German sermons edited by himself and Hoffmann. In Schon- 
Lath's coHcction, Crat, iSSKi-iSgi, there are sSitwi itorics in the first vobme 
most of them from the *■ Via Patrum " and Gregotj'a ‘'Homilies"; lti the 
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Jacques (le VUry I did not uke into consideration, hon'ever, two 
other contemporar)i' writers with whose works f subsequently became 
ac<[uainted. I refer to the sermons of Odo of Cheriton and the 
honiitics of Csesarius of Hcisterbadi. 

The fables of the former had Jong been known, but the author to 
whom they were attributed was, until recently, a mysterious person¬ 
age. confused wdth another Kentish ecclesiastical writer, Odo of 
Canterbury. It is now definitely settled that the Odo of the fables 
and sermons with which I am now concerned was from Cheriton 
and died in 1247. seven years after Jacques de Vitiy. Some of 
Odo's fables were published as early as 1834 by Jacob Grimm in 
hi5 edition of “ Heinhart Fuchs," and thirteen were printed by Mone 
in the following year, while W'right used seventeen in his “Latin 
Stories." Other German scholars published a considerable number, 
but the fables were first ade<iuate 1 y edited by L. Hervicux in the 
first edition (18S4) of his monumental work, "Les fabulistes latins.” 
In the second edition ( i 8 q 6 ). both fables and parabolte from the 
sermons fof which there is only one edition printed at Paris in 1520) 
were published in a separate, fourth, volume, with an exhaustive 
examination of the birthplace and life of the author, I am in¬ 
terested at present only in the excmpla contained in the sermons 

se^d velimic there ii ope slory from Gr(fgory*4 " Dsalogues." and in the 
third vuluirie there are no itories. In Koffmaiui's " Ftindgnihcn." Vol. L, 
there are omly half a do*en itories. In Werner's "Libr! Defloratiqnuni." 

V-oI. CLVII,, I do not fintl fjrcmffla oi any kind, the occasional 

references to animals, birda, fisltM and plants moralised in the usual way 
may be considered ejrewpJ'd. On the other hand there are many trempln In 
the “SpeentuTn Ecctesur” of Honorius of Aumn (who died, it is supposed, 
shortly after and I should not have overlooked Cruel's referetiee on 

P- 1J7 t>f his “CeKhichie der deuLschett Predigl"; "Ausserdem iretcn die 
nach Crri^oris Beispicl cinietn such in dentschen PrwHgteu vorkommendeii 
^empel bet Memorius massenhaft jUs steliender Sehlussthri) auf," Still it 
ts evident that Honorim was an esteptiem; and the statement that the use of 
s>-stemattca]ly in sermons w'as not common until tlie end of the 
twelfth or the beginninff of the thirteenth century is, 1 still think, correct 
There arc. of course, many fTcmpia to be found sporadically in homiletic 
treatises and similar works of the second half of ibe twelfth century, sudi as 
Petrus Cantor's " Verhum abbreviatum " (Uigne, CCV.>, etc, 

1= Herviedx's editinn, printed from US, 16506 of the Xational Library 
Of PariSi contains 105 the mantiscript (Anmdcl 231) analyred by 

Herbert in his '■ CalaloBue,” pp. 58-7^ contains aoi, of which 43 are not in 
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Their sources are irtfrcc|tjcntly mentioned: Patrumj"^ four 

times, Gregorj^'s Dialogue” three, the "'Book of Kings” and 
" Saint Bernard ” once each. As a matter of fact, however, a ver^' 
large number of the €Xiemph are taken from the. “ Vit» Patrum.” 
The name of Jacques de Vilty is not mentioned; but many of Odo's 
parab{?liE occur in the sermons of the former^ and Frenkcn is in^ 
clined to think that Odo borrowed them directly or indirectly from 
him. The value of Odo’s paraboliT consists largely in the fact that 
the>^ are a popular channel through which many stories have entered 
into dtcolation^ for although there is only one primed edition of the 
sermons and that of the sixteenth century^ there are many manu¬ 
scripts left to attest their popularity. 

In my introduction to “ Jacques de Vitry 1 did not include among 
the preachers using ex^mph Cxsarius of Heislerhach^ the most 
delightful perhaps of all the mediaeval stoy-telters. I wa$ not at 
that time acquainted with his homilies, of which there is only one 
edition ^ a vety rare book^ by J. A- Coppenstein, printed at Cologne 
in 1615.’* As the “Homilies" were composed between and 

Hervleus. In the sermon for Etitagc^iiria Odo defines die word he uses as 
fdSlQws: Parabola dicitur a para^ quod cst e( bote, quod eit scntentla, 

quasi jujtta sententiam. Parabola enim cst similitudo quae ponitur ad sen- 
tentiam rci comprobandamr Hervieux, p, llT^ endeavota to establish a dif- 
Fcrence between apologuee^ parabotea and i:semples; be says: “ En eflfet, il 
ne faiit pas dans les sermofu d'Eudes confondte Its apoto^ttes paraboirs 
avec le5 examples; eu, si Ton vent qiialificr d^cxemplrt les parabolcf, il faut 
admctlte deux sorLes d'excmples: Crux qtii, contenartt !e rkit d'UiT fatt ttna^- 
PBire, o (Trent lea caraetcres dc la fable ci sotit appet^^ parabok?, et ceux qui 
sc boment, sani application a aucoti cas spatial, i faire mention dea habitttdes 
d'une categoric d'elres quelconques." He bnalb^ ends, p- 112, by eonfcsslng 
that it is safer to consider the exemples as irne paraboles and prmf Uiem all. 
Frenkcn in his edition of the tn the Sermones communes'^ of 

Jacqncs dc VUry/' to be mentioned later at length, has a chapter on " Die 
Geschichte des Bc&riffes ^ exernpluriH'^ tn which he Connects the word with 
its tise In classical rhetoric, and remarks, p. 14, ^ Dass num sunach&t nach 
anderen Ausdrucken wie najrqfto* hhtma, suchte, bg wohl nur 

daran^ dass man nkbt reeht wusste, dass dai, was man so in det Fredigt 
ersahltCH auch das war, was die Gmmmatiker excmplum nannten. Dio kunen 
Erklariingett der Trapen in dtn Grammatiken wtirden mit denselbcn Bei- 
spiekn jahrhunderte lang auswendig ^lern^ aber man daebte sich niebt vict 
dabci” 

1* 1 still know this work only through A. Schnnbach's masterly « Eitidien 
lur EniLhlnng^sliteratur des Mittelalters;* V., VIIL, Vienna, 1902, 
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1225, Schonbadi thinks, and Jacques de Vitry^s serrtions after hh 
mifJencc in Palestine until his death, that is 1227 to t240, (>sarius 
is coniemporancotis with Odo of Cheritoii and a little earlier than 
Jacques de Vitiy. 

i used the ** Dialogxts Miraculorum " of Gaesanus frequently iu 
my notes, but I did not give any space to this interesting personage 
in my rntroduction, although I might have considered tlic “ Dia- 
logus” as a homiletic treatise, so constantly are they quoted m 
subsequent scruions and collections of exemph made for the use of 
preachers^ The author was bom probably a few year2 before iiSo 
and educated at St. Andrew’s School at Cologne. He entered the 
Cistercian abbey of Heisterbach, where he became master of the 
novices and prior, dying about 1240.^* Besides the Homilies '’ 
mentioned above, Ciesarius was the author of many theological 
works, some of which have perished and all have been forgotten 
cxcqjt the '^Dlalogus Miraculorum.” This popular and interesting 
w'ork ’ivas composed about 1222 (Schonbach dates it 1223^1224, 
Plerbcrt says it was completed in or very soon after 1222). It is 
fortunately accessible in a good modem edition by J. Strange, two 
volumes, Cologne, 185T, and consists of twelve books or djsHnc- 

imn originaHy fmbhshed in the Srljiungsb^chle d^r kals. Akad dfr 
sc/isfUn iw rpifn, PMhs&phtWh-htjiowisch Chsn, Bd. CXLI%^, CLTX, 
CLXIII. Of the 746 4tones in ttie Dialogus Miracabrnm" 84 are Eoimd 
in the '‘Hqinities,” and there are 58 in the "Homilies^' not found tn the 
^Dialogtis,” see Schonhadi, C pp^ IIL, pp. 4 ct mC|, Conseciiiepdy 

there arc now 142 stories contained tn the " HomilEes accessible to sUidentS. - 
Cawariiw sayi in regard to hh me of ^x^mph (Schonbach, L, p : 
“Qtasidam (exempla) intern i alEQuantulum subUlius ad exercitimn Icgentlunii 
qiaedam de Vids PatriEm propter utilllatein simpSicium. Nonnqlla etianii 
qua: nostria leinporibus sunt geata et a virb religio^is mihi recitati Hoc 
pene in oniRlbus liomiliia observare studiii, ct, qnod probare potcram ejc 
diving scripturae sentexitlis, hoe eliam firttiarcin exemplts^ Thfi use of 
exicmpfa dipteased some even at tJiat early date and he omltled then in his 
later hoTniltea, saj-itig ( Schonbach, op. cEt, p. 33): Secrete i^idani ea scrspsi 
ct secrete legl volui, ipsam Expoaltioncixi ita ordiitana, ut coTiversis, quibus 
singulis diebua dommicis aliquid de divinis scripiuris, et maxlniE de cvangcliis^ 
exponi solet. coRgmerd:, Ilia cnim necesshas oecasio prxciptia fait scrfbendL 
Propter quod miraimla et viaioaes ipsii expos! iSonibm inserere studui Et 
quia hoc quibasdam minus placuit, in homiliis 4e solemnEtatibu^ aanctoram 
hoc Ipsum cavi” 

i*Sec Schonbach, op. at; A, Kaufmann, Caesanm von Heuterbath," 
Cologne, iSGa; and Herbert, Catsilogue,” p. 34S. 

paoc^ AMKH. PlllL. SOC.. LVJ, 1, JLLY TJ. IOI7. 
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iiofifs, ihe subjects of which are: Conversions Contrition^ Confession, 
Temptation, Demons^ Simple-iiiindedness+ the Virgin Mar)', the 
Body of Christ, Divers. Visions, Miracles, the Dying; and Rewards 
of the Dead, The large number of stories, 746, purport to have 
been told* and probably -kvere, by the master monachus^') to the 
novice. The stories are connected by a thread of dialogue between 
the master and pupil. The name of the author Is not mentioned^ 
but the reader Is told it can be learned from the first letters of the 
disHnetimu's (“Ceaarii Munus'*). Many things*” he says, "have 
I introduced which happened out side ot the ordcr^ because they were 
edifying and told me, like the rest* by religious men (i\ e.j members 
of an Order). God is my w'itness that 1 have not invented {/inxi^s^) 
a single chapter in this Dialogue. If perchance things have happened 
differently from what 1 have written, this ^ould be imputed to those 
who related them to me/’ 

xAs Herbert remarks, p. 349, “C^esarius protases to have learnt 
most of the miracles at first or second hand^ and a large proportion 
of them arc connected with Heislerbach* Hitnmerode, and Cologne* 
and places in the neighborhood. But in many cases he has merely 
drawn on the common stock; c. in Dist. Vllt., Cap. 2i he tells 
the story of the merciful knight to whom the crucifix bowed, as a 
miracle which occurred “temporibus nostris in provincia nostra, 
sicut audivi hut it has been pointed out in this Catalogue” (Vol 
IT, p. 663) that the story occurs, as early as the eleventh century, 
in the Life of the Italian St, John Gualbertus.'*^“ 


** Thfli source^ of the sstorics in the have nci'cr hten syi- 

reiniit3cm!Iy investiicated. but a brief cnutneratiQn of the principal onea may 
he fntinti in MeS Bier's work* to be mentioned presently, We knowK^ he 
says, p. xxxsi, that be was acnjuaimcd with the 'life of Bernard taf Qair- 
vault/ Bemar^rs ' Ltfe of St. MaJathi®,' the * Book of Visioni &f St Acielina,^ 
Herbert's rExordtuni miraculoruin ^ and ‘Liber tniraCMloriim/ and that be 
used llie ‘Life of Sl David'—all these writings of tbe Ciitetosm order He 
^Hisldria Damiatina* and *Histdria regum terne ianets^ 
' Dialoffue^' of Gregory the Great were bis model 
smd the \ala^ Patrum were known to bim. Most of his stories* however 
he owed to oral communication* but all are not new on that account' an old 
Kerm l.e^ oftener a, bonou,. Many of hh ,torie* have w,ndmd f„ l«fa« 
hvy rv^h«l ,l,e h,ddm rfokler of Hcistcrbach. 0„ thi, long journey 

they h^c worn otii their gannents and murt be ctpthed anew. $o that in ihdr 
changed cttcHor it » hard to ren^uiM tlieir weather-beaten fiaure. Some- 
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The popularity of the “Dialogui niitaculommas I have re^ 
marked above, was enormous. Its storfes were used with or with¬ 
out credit in alJ subsequent treatises and collections. In the “Al¬ 
phabet of Tales, which I shall mention again presently, [51 of the 
801 stories are from Citsarius. and some of his talcs have found 
curious enough resting places, one (VIIL, 59, see also X., 2) has 
been shown by P. Rajna in Romania, VT„ 359, to be the probable 
Murce of Boccaccio's fine stoiy of Messer Tordlo and Saladin 
( Decameron/' X,, 9). 


In the list of his citings made by Ca:sarius himself (Schon- 
bach L, pp. 4.^; AJeister, pp. xx^xxviii), he mentions under No, 
rk volumcn diversamm visionum seu miraculoram 

hbros 8. ' This work was supposed to have been lost until Pro¬ 
fessor Marx published in 1856 a fragment of the work containing 
twenty-three miracles, afterwards reprinted by A. Kaufmann in an 
appendix to his book on Casarius, Later Dr. Alovs Mcistcr dis¬ 
covered two other fragments and published all three’ under the title 
Die Fra^ieiite Her Ubri VHI Miracubrum des Ciesarius von 
Hcisterbach’’ (m Rtunis^he' Qii^rtahchrift far cArLrf/ff/te Altcr- 
i»,d fiir Kircfu^i-Gi^sMchte. Drc«:cfti,t« Supple- 
mentheft. Rom. jgoi). The fragments contain 191 miracles or 
stones relating to the Sacrament and to the Virgin. Thej' are of 

tune the paths that C;wariiis’s stories have trodden wiU have to be pointed 

t so *□ far as lo confine tlic substance of Tstorr 

m the jtraiglit-jaciet of a scnMlo^ty and try to trace the exact pedigree of 

ihe fixfd written forms are often only cfi^cc restinir in tin^ 

bst between one fixed form and another. For these rfianges „e 
^ but depend upon cbance-c, ic may be. tfi'at a locality or a 

^ (forgotten historical fact caused assimilation, it may be. that a parficular 

jrct WiUv conn^ctfU wifh thir traitsrontmiion or mcrtlT ihr ■ i 

J^Smdien enr Eraiblnngslitorato;; Ach.er Thed, Liber 

«orie ”^,1* interesting investigation of the changes which 

stones undergo ,n passing from one author to another. He comDircs the 
stones winch are smiiUr in Caesarim's "Dialogus" and “Homilies" and 
the stones common to “Jacques de Vitry" and “ fitienne dc BonrL" ^d 
endeavors to fonnuJate some general princrpTes of transmission. 
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the same nature as those already published in the *' Dialogus," a few 
are found in both worhs. There is the same tendency to localize 
well-known stories, and the same absence of mention of Hterary 
sources- The " Vit« Patnim, Historia ecclesiastica," cie., are oc- 
casionaiLy cited, generally the name of the narrator is carefully 
stated and the locality is exactly described. 

Of all the mediae^'a] story-tellers Csesarius is perhaps the most 
interesting, partly froni his gift of narration, and partly from the 
diversified character of his stories. In most of the great 
collcctions which I shall soon examine, the stories are told in a dry. 
condensed form, and seem more like memoranda to be expanded at 
the preacher's will than like independent talcs. Csesarius is a happy 
exception and his book is one of the most valuable sources for the 
history of medieval culture. 


While engaged in the study of Jacques de Vitry I learned of the 
existence in Belgian libraries of a collection of fcriKOitef conxiHUnn 
x'cl by him, but made no effort to trace these, for the 

author had said in the praarmtutn to the sfrmoites domintcal^s (Ant- 
werp, 15 / 5 ) that his work was to consist of si.x divisions, the first 


four being represented by the scrttiones dttmimcalet, the fifth by 
the JcrtJKjfifj de soncHi, and tlie sixth by the seniusttes tmlgares. 
As it was supposed that all the existing collections of sermons by 
Jacques de Vitry were written late in life, I did not think that after 
the jcrJiioiwj vidgares which, in his own words, were to complete 
his work, he would have added anything. It now seems that I was 
mistaken and that the sfriHOiw commutm vel qitotidiaui also con¬ 
tain a considerable number of fxempla, two editions of which, by a 
strange coincidence, appeared simultaneously three years ago,'' 

Joseph. “Die Exeuiplaauj den Sermones feriates et eomniune* 
Ats Jakab vQn Heidelberg’, 1^14. Svci un, Tviii fSi 1 - , 

Si, 

crr.r srit-iKs; S'" 

Ute Remamf Rtview. VoL VI, (1015), pp 223 ct sea I .haii^ m 

detaili here, I may, however remark Tlfsu 

“Safflinltina" and is, like the olber texis in that lotltetin”” j'**j'^* ^'**‘^’* 

coaeisc torm, with brief introduction, and briefer inmtal’-' 
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The new cj-empla (three only are found in the jertitattir^ vtilgares. 
Crane, Nos, 30, ji, 160) are toy in number (Frenken has 10^4, clas¬ 
sifying two as anecdotes, and omitting one as not properly an 
exnnpium)^ Tlirce are from the Patrum" and two from 

Petrus Alfonsus, The great majority are apparently original with 
Jacques dc Vitry, and did not subsequently enter into \('ide circu¬ 
lation, The new collection is, therefore, of little interest for the 
question of the diffusion of popular talcs, and its value depends ou 
the light it throws on the manners and customs of the times. 
Among the exnnph which are found in subsequent collections are 
some of the most famous of mediaeval stories, r. g., Frenken, No, 15, 
"Aristotle and .Alexanderis wife;"' No, 195, ‘‘Monk in Paradise;” 
No, 68, man unhappily married w^ants shoot of tree on which an¬ 
other man's two wives have hanged themselves; No. 99, ape on 
shiplM^rd throws into the sea the ill-gotten gains of a passenger who 
had cheated pilgnms with false measures and frothy wine; etc. A 
certain number of stories are taken from natural history, and a few 
are fables, the best known of the latter being the one of the treaty 
between the wolf and the sheep, by which the sheep give up their 
dogs as hostages (also in the sfrmonfs i’ti/j7arrr. Crane, No. 45). 

Of the stories peculiar to Jacques de Vitry some are connected 
with his experiences in the Fjist, as Frenken, No, 71, a certain Count 
Josselin married the daughter of an Armenian on condition of let¬ 
ting his beard grow in accordance w'ith the custom of the country. 
The Count contracts debts which he docs not know bow to pay. At 
last he tells his father-in-law that he has pledged his beard for a 
thousand marks, and if the debt is not paid his beard will have to 
be cut off. His father-in-law gives him the money rather than have 
the Count incur the shame of losing his beard; No. 72, Jacques de 
Vitry knew a certain knight in Acre that had offended a minstrel, 
who took his revenge by passing off on the knight an ointment 
which removes the beard instead of preserving the face in good con¬ 
dition ; No. 75, Jacques de Vitry heard that a certain Saracen, over 
sixty years of age, bad never been outside of Damascus. The Sul- 

but (ndst valuable dissertations on die history of fxtmHa, the sources of 
‘'Jacques de Vitry's " and tlicir penetration into fate, secubr litera- 

mrc. I cannot praise Wo highly Frenken's admirable editorial work. 
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tan summoned him and oonintanded him to remain tn the dty in the 
future. As soon as he was forhiddgn to leave it he lonfiCd to go, 
and gave the SulUn money to permit him to do so; No. $6, a woman 
of Acre knew excellent remedies for the eyes, so that even Saracens 
came to her. One day she was in a hurry to hear mass and left the 
case of a Saracen to her ntaid, telling her to put such and such 
medicine in his eyes. The Christian maid determined to blind the 
Saracen, so she put quicklime in his eye and told him not to open it 
in three days. A week later, after great pain and co|Hotis tears, 
he was cured, and relumed with fee and gifts, greatly to the maid's 
wonder. 

There is another group of stories, the scene of which is laid in 
Paris in the time of Jacques de Vitry. Some of the most interest¬ 
ing are these: Frenken, No, 8o, while Jacques de Vitry was at Paris 
three youths from Flanders came there and on their w'ay told their 
purposes; one wanted to he a Parisian theologian (magister), the 
second a Cistercian, the third an “o^nizator, hystrio ct joculator." 
J. de V, saw later with his own eyes the realization of their desires; 
No. &?, 1 remember, he says, w'hilc at Paris that a certain scholar, 
religious and abstinent, went on a Friday to visit friends near Paris 
and ate wherever he stopped. His famulus at last whispers to him 
that it is Friday and that he has eaten twice already. His master 
replies that he had forgotten it, J. de V. remarks that some eat so 
much that they cannot forget k, but have to say: *' \^cntreui meum 
doleo.” There are several stories of an ignorant ParisiaR priest 
named Maugrinus. In one. Frenken, No. loi. he is called to hear 
the confession of a certain scholar who speaks in Latin. Maugrinus 
does not understand him, and calls the servants and tells them that 
their master is in a frenzy and must be bound. When the scholar 
recovers he complains to the bishop, who pretends to be ill and sends 
for Maugrinus to confess him. He. too, speaks Latin, and at cverv 
tvord he utters Maugrinus says, “ ilay the Lord forgive you." At 
last the bishop cannot restrain his laughter and says," May the Lord 
never forgive me. nor will I forgive yoi," and made him pav a hun¬ 
dred litwes or lose his parish. In another story. No. lo^ hfau* 
grinus's bishop is in pecuniary- straits and feigiiing to have sore 
eyes, asks Maugrinus to read certain letters. Maugrinus. who can- 
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not read* opens the letters and looklni^ them over says that they con¬ 
tain news that the bishop is in need and that Alaugrinus will knd 
him ten marks, 

Aniotig the usual monastic diatribes on the other sex is the fol¬ 
lowing ^tory, Frenkcn, ^^o, 6i: J, dc V, once passed through a cer¬ 
tain city in France^ where a ham was hung^ up in the public square 
to be given to the one who sw^ore that after a year of married life he 
did not repent of his bargain, Tlie ham had hung there unclaimed 
for ten years. 

It is npw^ time to pass to the collections of ex^^mf^la w^hich have 
been published since 1883. Before that date the only collectians of 
exempliir accessible in modem editions werc^ we have seen above, 
the selections from litienne de Bourbon made by Lecoy de la 
Marchep and the Catalan translation of the "'Alphabetum narra- 
tionum,” It was not tintil ten year^ later, in JS93, that there ap¬ 
peared a collection of Latin stories composed in Bologna in 1^26, 
and contained tn a manuscript m the library of Wolfenbuttel.*^ 
The sixty-nine stories are accompanied in ^ome cases by nioraliia' 
tions, and contain many classical anecdotes. In these two respects 
the collection resembles the " Gesta Romanorump” and Oesterley in 
his edition of diat work, p* 257P was inclined to regard the "Trac- 
tatus'" as a peculiar version of the **Ciesta," or at least a5 an off¬ 
shoot. This opinion is hardly correct in \\cw of the great differ¬ 
ences between the Tractatusand the many versions of the 
" Gesta."' It is likely that the former is an independent collection 
made in Italy in the fourteenth centuryp and shows the grmving 
fondness for secular elements in works of this kind. Valerius 
Maximus is the source most frequently citedp but other historians 
of classical and Christian times are also quotedp as well as Seneca, 
Augustine, “ Vila Pa trump" Petrus AHonsus, etc. The compibtion 
has no independent value^ and but little interest for the question of 
the diffusion of popular tales. 

I luust noWp in conclusion* consider as briefly as possible the 

^^“Tiactauu de divers! s historiis romandnim ct qiilbusdain aliis. Ver- 
fa$st in Bologna L J. Nach einer Handsciirift in VVolfenbuttel" hcraus- 
ge^eben von Salomon Herzstein. Ertaneen, 18^ In “ Erlanger Bcitragc 
3 cur Englischcii PhilciTogie tmd verglelchcndcn LrUeratutSeschichlep" heraus- 
gegeben von Hcrmaitn Vatnhagen, XlV. Heft 
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recent editions of cottcctbns of cjrempla, beginning w'ith A. G. 
Little’s “Lfljcr Exemplorum && usum Prsedicanttum," Aberdeen, 
ic)08 {British Society of Franciscon Studies, Vol, I.). The manu¬ 
script. in the Libran- of Durham Cathedral, contains two hundred 
and thirteen chapters or stories, and belongs to the class of treatises 
for the use of preachers. It is divided into two parts t the first 
treats “ of things above," and the subjects are arranged in the order 
of precedence—Christ, the Blessed Virgin, Angels and St, James, 
The second part treats ‘‘of things below," and here the subjects 
are In alphabetical order: Dc arcidia. dt advocatis, de oi^HfJO, and 
so on to dc mortis mstttoria, where the MS. brtsiks off. The author 
does not mention his name in the part of the MS. which has been 
preserved, although he gives us considerable information about him¬ 
self, from which we infer that lie was an EngLishmati bv birth, prob¬ 
ably of Warwickshire; he probably entered the order of the Friars 
Minor, and, after study in Paris, spent many years of his life in 
Ireland. Mr. Little, whom I follow in these details, concludes 
that the Work was written probably between 1275 and 1279. The 
compiler, who nearly always mentions his sources, draws largely 
froni Giraldus Cambrensis, ‘’Gemma Fjicksiaslica(ag times); 

Vit^ Palrum" (38) ; Gregory's " Dialogues *’ (15) ; " Miracles of 
the Virgin (4) . Peraldus, 3 umma Virtututti ac Vitiorum " f to) * 

*' Life of Johannes Eleemosynarius" (q) ; *' Barlaam and Josaphat" 
(2) ; etc. Many of the stories arc familiar to us from other collec¬ 
tions. *■ Some are/’ as the editor says, “ of a more individual char¬ 
acter and are the result of the writer’s experience in Ireland." 
.Among these (1 use the editor’s analyses) are; Mo. oc the storv 
Of the bailiff of Turvey, who while going along a lonely road one 
nigh saw a horrible .beast coming towards him. Knowing that it 
was the devtl. he made with his axe a circle of crosses, and at once 
hastened to confiss his sins to God, Forthwith there began to rise 

around him a waU which grew with Against ■ 

this wall the dc^nl threw himself in vain, and could only terrify the 
poor sinner by showing his face over the top. ^ ^ 

The duty of paying tithes is enforced by ihc storv fVn f 

T, ,vo.d g„n,.8 ,0 ,h, Ctarch, ,1» hW ,.n „nd„ . ^ 
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and gave the Church only one, “ But behold the delightful {tumti- 
dissimum) judgment of Him Avho seeth all things!" On removing 
the covering the woman fovind nine of the lambs dead and only the 
•Churches tenth still alive. Another story (No. i66) shows the 
efficacy of indulgences. A man follows two friars on a preaching 
tour in Ulster and buys all the indulgences he can afford. He after¬ 
wards sells these to the host with whom he has passed the night, for 
what he paid and a pot of beer in addition. The purchaser applies 
the indulgences to the relief of his dead $on, who appears in a vision 
to his father and tells him that he has freed him from punishmenL 
The foolish seller hearing of this tries in vain to get back his effica¬ 
cious indulgences by refunding the money he had received for them. 
A very interesting story' (No. 142) of superstition in times of epi¬ 
demics is told by the Bishop of Qonmacnois. “When I was a 
preacher in the order (O, Jk), I once came ou a preaching tour to 
Connaught, and found a dreadful pestilence raging in the bishopric 
of Cion fort. For when men went ploughing or otherwise in the 
fields, or w^atking in the woods, they used to see armies of devils 
passing by, and sometimes fighting among fhemselves. All who saw 
these devils fell sick and most of them died. So 1 got together a 
great meeting, and said to the people:" Do yon know why these devils 
have this power over you? Simply because you are afraid of them. 
If you had faith in God and were convinced that He would protect 
youi they w'ould have no power over you at all. You know' that we 
—we friars—do more against the devils, and say more things about 
them than any one else in the world. Here am 1 standing here 
and abusing them as much as 1 know' Itow. Do they harm me? 
Let the devils come, let them ail come! Where are they? Why 
don't they come?" From that hour the dcvib disappeared and the 
pestilence with them.’* 

Two other stories f rom this coIIecHon must receive brief no rice. 
One (No. 112) tells the stoiy' of a rich widow with many suitors. 
She preferred a certain one but tells him fninkly that his pov¬ 
erty slands^ in the way of his acceptance. He goes out into the 
highv^-ay and robs and murders a rich merchant. When he again 
claims the lady*s hand she demands an account of his wealth, 
and after hearing his confession of its source, commands him to 
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pass a nighr at the spot where the murdered man lies. There he 
beholds the dead man strcteh his ha.nds to heaven a.iid implore jus¬ 
tice. A voice declares that he shall be revenged in thirty years. 
The lady thinking’ that the murderer will certainly repent before- 
that time marries him. He and his family flourish and penance is 
postponed. The fated day comes at last and a great feast is given 
to which arc invited all whom he has no cause to fear. A minstrel 
is admitted, but s wag rubs the strings of his fiddle with grease 
and the minstrel withdraws in confusion. When he has gone some 
distance he finds that he has left his glove. He returns and dis¬ 
covers that the castle has disappeared, and where it once stood is a 
fountain and near it his glove. This story was told by Friar Hugo 
de Eudcone in a sermon preached in foreign parts. He said he 
told it as he had heard it, without vouching for it. One of his 
hearers said: '‘Brother, you can tell this story with assurance, for 
I know the place where it happened.” Mr, Little cites two curious 
\\'elsh parallels in Rhys, "Celtic Folklore,” pp, 73. and 403. 

The second story (No. tpa) occurs in the chapter De ludis in- 
orditiatis," and refers to "a curious custom in Dacia, related by a cer¬ 
tain friar Peter, who was from that country. When wnmen are in 
childbed their neighbors come to assist them rvith dancing and sing¬ 
ing. Sometimes in cany-ing out their jokes they make a straw man 
and put on it a hood and girdle, calling it ” bovi ” and dragging it 
l^tween two women. At limes they cry out to it, “gtstu lascim” 
“Cnnta bovi, canta bovi, quid faceret?"' (sic, 1. facis? or taces?). 
Once the devil answered from the image with such a terrible voice! 
“ I .shall sing," that some of the women felt down dead. Mr. Little 
remarks that " there is no reason to doubt the English friar’s report 
The story agrees with the ‘KonebarseP or *KvindegiWe' custom: 
a party of women gathering in a house after a birth. The women 
flnnk themselves merry, then they dance, then they go in a mut and 
break into houses and revel along the street, and make every man 
dance with them, and take the breeches off him, or in more recent 
times more frequently the hat.” The various elements of our storv 
are well known in Danish folklore, hut the straw man at the lyine- 
m^revels is elsewhere unknown. ^ ^ 

In many respects the most important of recent publications of 


CRANE—MEDLIIA^AL SERMO\^-BOOKS AND STORIES. S 05 


^*4'riw/>ia-collections is another utirk ak& of Enc^lish origin, which I 
shall mention slightly out of its chronological order becausCp like 
the one just described above, it is a treatise for the use of preachers, 
arranged in an alphabetical order. In lSS6 vvhile collecting ma¬ 
terial for the history of the use of e,reifi^/ii in mecli^val sennons 
which scrip^es as an introiluction to niy “ Jacques de \ltry.” Mr. Ward 
of the British Museum called my attention to MS. Additional II2S4, 
formerly in ihe possession of the well-kim^vn antiquary Mr, J, 
Thoms, conEaining an cxten:iive collection of stories arranged al¬ 
phabetically according to topics. 1 later (•* J acques de Vi try/' p. Ixxii) 
called attention to the importance of this collection in the hope that 
it might soon find an editor. It was not, however, until the publi¬ 
cation in r9io of the third volume of the "'Catalogue of Romances 
in the Department of Manuscripts in the British Museum,"' by Mr, 
Herbert* that tlie rich contents of the MS. were made adequately 
known to studenls of mediseval literature, and it wa$ re^rved for a 
French scholar, Mr. J. Th. Welter, to publish the MS. in 

The attribution of the '^Speculum Laicorum" to John of 
Hnveden, the chaplain of Queen Eleanor and the author of Philo¬ 
mela," first made by Bale in his Catalogus,'^ ^54^, rests qu no 
adequate ground, while the denial of his authorship* because the 
work contains mention of the reign of Henry IV. (Hoveden having 

^®Il 11 true dut in my edition nf Jacques de Vitr>^" I cited several 
MSS. m die British Mugeum containing the "Speculum Laicoruin'' witficut 
luipKting its true titit S,(y exinise miist he that the principal MS* {Addb 
tional zi^>p which fcjrtnerly belonged to Mr, ThomA, contain! no bdicalbn 
of the tm« title (nor does it appear m the ollkial catalo^c), and the same 
is true of the other MSS, which I used. Neither Mr. Thoms nor Mr. Thomas 
Wrighu who printed stories from this MS., was aware of the true title of die 
collection from which thi;^ w^erc taken. The title of Mr, Welteris edition is: 
** Thesaurus Exernploram, Fascicule V: Le Speculum Laloonim. Bditbn 
d'uue collection d'cxenipla compose eti Angicterre a la fin du XIII" 

Paris, 1914. The first four fascicules have not yet appeared, hut the author 
has informed me that they are composed as follows: Fasc, I., Inventory of 
the three thonsand anecdotes of " ttlcnne de Bourbon ^ from the MS, Lat 
15970 of the Bib, Nat., with indication of sources (Complemeni; to A. Lecoy 
dc la Marche, Anecdotes historiques, legendcs ct apoIogue&^ lir^ du recueU 
tnedit d'l^tlenmfr de Bourhon,” Paris, 1S77) ; Fasc, TI.* Inventory of the " Liber 
de dono titnoris of ilumhert de Romans, and oi the " Promptuarium cxcm- 
ploruTn"* of Martiniis Pokmus: Fasc. III., Liber c.Tcmplorum secundum 
ordinern Alphabet Fasc. IV.p MS. Royal y D. 4 of the Brhish Museum. 
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died in 1^72 or i-?75)i b based oti the mistake of a scribe who 
wrote Henry IV. for Henr>^ HL ^ir. Welter shows condusively 
that the wnork must have been written between 1279 and 1292. 
The author purposeJj conceals his identity^ “ nomina $iqiitdem 
nostra subticere me compuUl nialonim ipsa mater invidia," a stale- 
ntent that would hardly apply to so well-known a writer as John of 
Hoveden. From the character o| his compilation the anonymous 
author may with reason be su]>posed to have been a member of the 
Mendicant Orders, probably an English Franciscan. 

The “Speculum Laicorum” is, in reality, a theological treatise 
for the use of preachers, arranged alphabetically according to topics 
and containing a great number of illustrative stories. In Welter's 
edition there are ninety topics or chapters, and five hundred and 
seventy-nine stories, besides thirty others found in various MSS, 
of the work in the British Museum and dsewhere. The composi¬ 
tion of the collection does not differ from that of the host of similar 
works,both manuscript and printed, found in European libraries. Two 
hundred and fifteen stories are taken from: Gregory's '^Dialogues" 
{25), " Vitee Patruni *' (lOl), " Cassiodorus ” “ Hist. Tripait."" {24)^ 
Bede (6), Petrus Alfonsus {5), William of Malnisbury (5), Petrus 
Quniacensis (11), Gesarius Heisteibacensis {5), “PhysioSogns 
(8), “Miracles de N. D.” (24) ^ while the various tales are found 
seven hundred and fifty-eight times in: Jacques de Vitry (47), Odo 
of Cheriton (75), Arundel MS. 3244 (59). fitienne de Bourbon 
(273), “ Liber de Dono Timoris^* (7^)/' Liber Exemplorum secun¬ 
dum ordinem Alphabcii (42), MS. Royal 7 D. i (85), and “Le- 
geiida Aurea** ($8). In addition to these a great number of lives 
of the saints have been used, as well as many medieval works of 
an historical character. 

If the collection contained merely stories taken from well-known 
popular sources, it would be interesting as affording evidence of the 
extensive diffusion of stories through the medium of preachers i hut 

Ihe collector has added, as he says tn the Prologue. “ tcitiponimqut 
prelcritoruni ac modernorum quibusdsun cvcntis.” It is true, as the 
editor remarks, that the compiler, contray to the custom of Jacques 
de Vitry or ^ticmie de Boiirbon, has drawn tew stories from his 
personal experience. He introduces the txrtnplum. sometimes by 
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“fcrtur"' or " without any preamble, locatiiing^ 

it in time and spac^i i. r,, in the thirteenth century and in the east 
of England, exceptionally in a foreign land. Still, as the editor 
saysp the compiler has transmitted to us cemin new features relating 
to great personages and others, and permits us to form a condensed 
sketch of the manners of the day, “qui se reflctent plus ou moins 
fidelement dans ce miroir des laics/" 

The enormous extent of r.vrjit/>/o-Iiterature may be estimated 
from the hundred and nine mamisciipt cotlections in the British 
Museum alone (sO admirably analyzed by Mr, Herbert in his " Cata¬ 
logue"^), which contain something like eight thousand stories, A 
few of the typical collections, as^ for exa.mplc, the Alphabctum 
Narrationum,” were frequently copied, and arc found m many of 
the continental libraries^ But, in the main, no two collections are 
alike, and each represents the individual fancy of the compiler. 
\^cry few of these collections have been published, but some have 
long attracted the attention of scholars. Among these the most 
interesting is a collection contained in a MS+ in the Library of Tours, 
of which an incomplete version in the University Library of Borth. 
Both MSS. are of the fifteenth eenlur)', but the collection itself goes 
back to the second half of the thirteenth century, and was probably 
made by a Dominican monk well acquainted with the French 
prorinces of Touraiue* Maine and Anjou. Dr* Hilka* the able editor 
of the ^" Sammlung mittellatdnischer Texte/* communicated a con¬ 
siderable number of the rxnnpla in the Tours MS. to the SchJesi$chc 
GeselUchaft fur vaterlandische Cultur, in whose ninetieth annual 
report they were printed (rpis). The cxempta collections are in 
a comparatively few instances arranged alphabetically; sometimes 
they assume the character of treatises of theology and are disposed 
according to subjects. In the Toiir.=i MS, alone, I believe, the stories 
arc arranged in nine groups, under the heads of classes and pro¬ 
fessions. The number of exemp^a i$ very Urge; there arc four 
hundred and ten in the eighth group, which deals with secular and 
civil sodety. The exemph themselves are of value for the 

question of the diffusion gf popular tales as they contain a large 
number of stories which belong to the most widely circulated class. 
The stories arc soiiielimes told at great length, contrary to the usual 
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abbreviated form of tlic fjrfn»/*Jfim, and some deal with themes not 
hitherto represented in sermon-book literature' one, No. XI., p, 13, 
belongs to the cycle of the '* Maiden noth her Itaiids cut off." of 
which a version ts found in the “ Scab Cell," fol 27 vo,, " Castitas," 
and another has been published by Kbpper in a work to be men¬ 
tioned presently? another. No, XI1„ pp. 14, 15, contains ver¬ 
sions of the theme of the “False Bride’*; in the first version the 
wife substitutes in her place a maiden, whose finger the faithless 
bailiff cots off; in the second, the wife kills the seneschal to whose 
care she has been enlnisted, substitutes for herself a maidservant 
whom she sohsequcnlly kills, and is miraculously saved from the 
denunciation oF wicked confessor. 

The last collections of exempts recently published which I shall 
mention are two works containing extensive selections from manu¬ 
scripts in German libraries, more particularly those in the Royal and 
University Library of Bresbu. Both are edited by Dr, Joseph 
Kbpper of the city just mentioned, and were published, the first in 
Htlka’s “Samnilui^ mittellateinischcr Texte," No, 3 (“Exempb 
atis Ilandschriftcn des Mittclalters”), Heidelberg, 191T; the second 
in "Wort imd Brouch. Volkskimdliche Arbeiten uamens der 
Schlesischen Gesellschaft fur Volkskunde." in awanglosen Heften 
herausgegeben von Prof. Dr. Theodor Sicbs und Prof. Dr, Ufax 
Hippo, 12 Heft {“Erzahlungoi des Mittelalters in deutscher fiber- 
setzun^ und latGinischen Urlext"), Breslau^ 1914, 

These works contain respectively 115 and 2ii exempla, in all 
326 stories, the laigest contribution to the subject yet made by 
any one editor, and one of the most interesting. The many manu¬ 
scripts from which the editor has drawn range from the end of 
the twelfth to the end of the fifteenlh century. The editor thus 
states the principle of selection in hb first work: " Only those stories 
were admitted rvhich are found in the manuscripts without any men¬ 
tion of their sources, or the sources of ivlikh arc no longer known 
to us.” There are exceptions, however, as p. 76, No. 76, " Legitur 
excmidtim In llbr* dc done ttmoris." The editor concedes that the 
investigator can easily discover the sourc^ of some of the exempla, 
and analogues for others. He gives a few himself, bm in general 
limits his remarks to the age and origin of the MSS. in which the 
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excmph are contained* Finally, be admits that certain statics, 
properly spcabitig, are not exempia, as they are taken from chraii^ 
icier, but claims that the)' belong to this selection since they contain 
materials encountered in cxemph, '* Amicus et Amelins.” 

Dr. Klapper’s second collection is taken largely {i6+ stories) 
from a single manuscript and may be dated about the end of the 
thirteenth century. The group of stories just mentioned was evi¬ 
dently made for the use of preachers, but are not arraiigod in any 
systematic manner, alphabetical or topical. The editor thinks that 
traces of the use of such sj'stemaltc collections may he found in the 
manuscript from which the majority of stories are taken. There 
are small groups of stories devoted to the mtrades of the Virgin, 
penance, confession, temptation, liberality, justice, avarice, and 
drunkenness, \^'hat collections were used it is impossible to say, 
but the miracles of the Virgin resemble closely those in a IIS. of the 
British Museum, Additional 18929 (Ward’s '* Catalogue,” Vol. It., 
p. 656), which came from the monastery of St. Peter at F-rfurt. Dr. 
Klappcr thinks we must assume the existence at that spot, at the end 
of the thirtcoiilh century, of a collection of miracles of the Virgin 
used by Middle German Dominicans and probably put together 
by them, from which the London collection and most of the miracles 
in the collection before us arc derived. 

.^s I have already said the literary form of the excMptum differs 
considerably in the various collections. Sometimes the story is ar 
indHTpendeut tale of some length, sometimes it is (notably in the 
systematic treatises for the use of preachers) the merest sketch, to 
be expanded and adorned at the will of the preacher. Both of 
Klappcr's collections (although the rjciuj'/fl were undoubtedly in- 
tendetl originally for use in sermons’) contain almost exclusively 
Stories of the former class. It is only necessary to compare these 
cxcmpla with those in the “ Speculum Laicorum ” to see the great 
difference between the two classes. Dr. Klapper’s first collection as 
we have just seen contained only such stories as were quoted w'ithout 
specification of source, or the source of which is no longer knownt 
to us at the present time:. The second collection, now under con¬ 
sideration, is taken, as lias been said, largely from one manuscript, 
and the stories are given just as they occur in it. Curiously 
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cnoii^h^ they are generally without indication of source. Atx>ut 
twenty-seven stories cantnin mention of source, not ahvays cor¬ 
rectly. The " Vita Palrtim ** is cited seven times (cmce incorrectly) p 
but in fact twenty-two exirmpla are front that famous work. There 
are fifty-one stories or miracles of the Virgin, with one citation of 
source: *'Legitur in miraculis heate Marie,'^ St. Gregory's “Dia¬ 
logues" are mentioned once* and a fe^v "chronicles” and “his¬ 
tories ” have been u-sed. It is easy to find sources and analogues 
for many of the storieB, aitd 1 have done so in my reviesv of the 
tvork in Modern Notes, Jantiaiy, 1917. I need not re- 

peat here what I have said at length there, but I cannot refrain 
from agaiin calling attention to the tintisuaHy interesting character 
of this collection* It contains many of the best-known medbevaJ 
tales, such as: Longfellotv's " King Robert of Skily,” " Beatrice the 
Kun tvho saw the World," ''*Theophilus/'' " The Angd and Hermit,” 
“ Amis and Anulcs," ^^Fridolin,'* Chaucer's Pardoner's Tale*” etc. 
Among the stories rarely found In exempta literature is a version 
of the “Don Juan.” lcgcnd^ in wdiich a drunkard passing through 
a cemetery' invites a skull to sup wiih hinu It comes w'ith its body 
in terrible shapep and in turn invites the host to sup with him in 
a week in the place where he was found. The guest goes there 
and is carried by a whirlwind to a deserted caslkp and given a seat 
in a gloomy comer at a wretchedly served table. The host lelJs his 
story^ how' he was a judge neglectful of his office and hibulousH He 
urges his guest to return home and do good w orks. One of the most 
beautiful of the stories is that of the daughter of a heathen king 
wlio sa^v a fair flower in the garden and began to reflect how* much 
more beautiful must be the creator of all flowers. She is betrothed 
to a youth and on her wedding day asks permission to go into the 
garden and w orship the god of flowers. An angel appears to her and 
carries her away to a convent in a Christian land^ where she spends 
the rest of her life as a min. T do not know' of any parallel among 
mediaeval excmpla, although the theme “ Marienbiauugam Is wddelv 
spread and was used by M6ritti6e in hls story “La \^enus dTlle.^^ 
The story was early known in Germany, and a VoiksUed on the 
subject was in circulation as early as 1658. 

I have kept for the conclusion of my paper two works of popu- 
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larizationn The first h by the late Dr. Jacob Ulridi, professor in 
the tiniversity of Zurkh, “Proben der laldnisdieo Novellistlk des 
MittdaJters/' Leipzig, 1906. The editor'i» object is to give the 
student a selection from medlsval fiction, embracing fables, transla¬ 
tions of the Oriental storj^-books^ and a considerable nnmber of 
cxfmfrta from the “ Gesta Romanonim*" Jac^Jues de Vitjy^ litteene 
de Bourbon and the collection of Tours as cited by Lecoy de la 
Marche In his " fitienne de Bourbon.” Ulridi has given brief refer¬ 
ences to the individual stories, and fumisbed a work of value to the 
student beginning bis researches In this fascirtating field, 1 am 
surprised that the book is not better known. 

The second work to which T have ref erred is by Albert Wesselskij 
Monchslatein^ Erzabi ungen aus geisUicben Schriften des XIII. 
Jahrhimderts,” Leipzig, 1909. The unfortunate title no idea 
of the contents of this handsome volume^ Ti really contains a Ger¬ 
man translation of one hundred and fifty-four e.rempia^ of which 
ten are from Wright^s “Latin Stories,*^ eight from Bromyard's 
“Summa Praedicarttitim/' twenty-six from Qesarius, eighteen from 
£tienne de Bourbon, seven from the “ Gesta Romanorum,” six from 
Herolt's “ Semiones and ** Fromptuarium/^ thirtj'-six from 
Jacques de VLtrJ^^' twenty-two from the “Mensa Phtlosophica,” 
and the rest from Odo of Cheriton, Vincent of BeauvaiSp Nicolaus 
Pergamenus, Thomas Cantipralensis, etc. There is an introduc¬ 
tion of no original value^ and the individuai cxempla are accom¬ 
panied by extensive noEes> which constitute the most important 
feature of the w^ork. The contents are more varied than is the case 
with Klappcr^s second collcetion+ and greater stress Is laid on anec¬ 
dotes and jests. 

I have not space to refer in detail to the extensive use of 
excmpla during the last thirty-four years tn tracing the dilTusion ol 
popular talcs. The articles in which exemph arc so employed must 
be sought in the periodicals devoted to popular literature or iu the 
collected writings of Ben fey, Kohler, W. Hertz, and others. 

It is perhaps too soon to be able to speak with authority' upon 
the value of axtvjpia for “ Kulturgcschichte^'^ (history, superstitions^ 
etc.)F and comparative storyology. Much yet remains to be edited^ 
and what ss accessible has not yet been closely examined from the 
ntoc. run,- fioc.. voi.. tvi* aa. jolt 17. ifliT- 
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above points of view. Many important questions have not ycl been 
settled, such as, why references to fairy tales are so infrequent, etc. 
Enough has been said, however, to show the general interest and 
importance of the subject, and it is to be hoped that American 
scholars may find in it an additional field for their labor,'* 

iTHACAp Vm 

March, 19 ^ 7 - 

« A good iUusUation of the value of the Sermon-Boots for ge«ral 
i^l history may be found in the admlrahk article by Professor O^lw H. 
Haskins of Harvard University tm " The Unli.-ersiiy of Paris in the Sermons 
of the Thirteenth Cenituy" is Tki ^mfnVBS Uiittineid Rem™, voL X 
(IQ0S>, pp. In the course of hi* paper Professor Haskins calls atten' 

tion to the interesting fact that Harvard University Library possesses a 
manuscript of Jacntics dc Vitry’s wrlffonff which once the 

property of the monastery of St Jaoiues at Liege tiiS. Riant 35). 


NEBUUE. 


Bif V. U. SLIPHER, Pm.D. 
iSead April fj. lpJ7.} 

I 

In addition to the pLajiets and comets of onr solar 5y$te[ti and 
the countless stars of out stellar system there appear on the sky 
many dotid-like masses—the nebute* These for a long lime have 
been generally regarded as presenting an early stage in the evolu¬ 
tion of the stars and of onr solar system, and they have been care¬ 
fully studied and something like 10,000 of thcin catalogued^ 

Keeler's classical investigation of the nebalffi with the Crossley 
reflector by photographic means revealed unknown nebulse in great 
numbers. He estimaled that such plates as his if they wore made 
to cover the whole sky would contain at least 120,000 nebulae, an 
estimate which later observations show to be considerably too small. 
He made also the surprising discovery that more than half of aU 
nebulae are spiral in form ; and he expressed the opinion that the 
spiral nebuts might prove to be of particular interest in questions 
concerning cosmogony. 

I wish to give at this time a brief account of a spectrographlc 
investigation of the spiral nebulae which I have been conducting at 
the Lowell Observatory since 1912. Observations had been previ¬ 
ously made, notably by Fath at the Lick and Mount Wilson Observ¬ 
atories* which yielded valuable information 00 the character of 
the spectra of the spiral nebulae. These objects have since been 
found to be possessed of extraordinary' motions and it is the obser¬ 
vation of these that will be discussed here. 

In their general features nebular spectra may for convenience 
be placed under two types characterized as (I.) bright-lioe and 
(II.) dark-line. The gaseous nebulae, which include the planetary 
and some of the irregubr ndiulse, are of the first type; while the 
much more nirnierous family of spiral nebulae are^ in the main, of 
the second type. But the two are not mutually exclusive and in the 
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^pirab are sometiines found both types of spectra. Hi is Is true of 
the nebulae numbered 598^ to68 and 5236 of the 2 ^ew General 
Catalogue” of nebulae. 

Some of the gaseous nebula are relatively bright and their 
spectra are especially so since their light is aU concentrated in a 
feiv bright spectral lioes. These have been successfully observed 
for a long time, Keeler in hss well-known determination of the 
velocities of thirteen gaseous nebulae was able to employ visually 
more than twenty times the dispersion usable on the spiral nebul^^ 

Spiral nebuls are intrinsically vety faints The amount of their 
light admitted by the uartoiv silt of the spectrograph is only a small 
fraction of the whole and when it is dispersed by the prism it 
forms a continuous spectrum of extreme weakness- The faintness 
of these spectra has discouraged their investigatiou until recent 
years. It will be only emphasising the fact that their faintness still 
imposes a very serious obstacle to their spectrographic study when 
it is pointed out* for example, that an excellent spectrogram of the 
Virgo spiral N-G.C. 4594 secured with the great Mount Wilson re¬ 
flector by Pease was exposed eighty hours. 

A large telescope has some advantages in this work, but un¬ 
fortunately no choice of telescope cither of aperture or focaJ-^length 
will increase the brightness of the nebular surface, ft is chiefly 
influenced by the spectrograph whose camera alone practically de¬ 
termines the efficiency of the w^hole equipment. Hie camera of the 
Lowell spectrograph has a lens working at a speed tatlo of about 
1:2.5. The dispersion piece of the spectrograph ha$ generally been 
a 64° prism of dense glass, but for two of the nebula a dispersion 
of ttvo 64® prisms was used. The spectrograph was attached to 
the 24-inch refractor. 

With this equipment I have secured betivccn forty and fifty 
spectrograms of 25 spiral nebula*. The exposures are long—gen¬ 
erally from twenty to forty hours. It as usual to continue the ex¬ 
posure through several nights but oecasioiialiy it may run into weeks 
owing to unfavorable weather or the telescope's use in other work. 
Besides the exposures cannot be continued in the presence of bright 
moonlight and this seriously retards the accuniMlation of ob$er%"a- 
lions. 
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The irpn-vajiadiuiti spark comparison spectium is exposed a 
nmtiber of tinier during the nebular exposure in order to insure that 
the comparison lines are subjected to the same mflaences as the 
n^ular lines^ The spectrograph is electrically maintained at a con¬ 
stant temperature which avoids the ill effects of the usual fall of 
the night temperature. 

The equi^-iiJeiit slit-width Is usually about ,o6 mm. 

The linear dispersion of the spectra is about 140 tenth-meters 
per millimeter in the violet of the spectrum which is sufficient to 
detect and measure the velocities of the spiral nebulae. As the 
objects yet to be observed are fainter than those already observed 
the prospects of increasing the accuracy' by employing greater 
dispersion arc not now promising. 

The plates are measured under the Hartmann spectrocomparator 
in which one optically superposes the nebular plate of unknown 
velocity upon one of a like dark-line spectrum of known vdocityj 
used as standard. A nucrometer screw^ which shifts one plate 
relatively to the other* is read when the dark lines of the nebula and 
the standard spectrum coincide; and again when the comparison 
lines of the two plates coincide. The difference of the two screw 
readings wdth the known dispersion of the spectrum gives the veJoc- 
ity of the nebula. By this method w^eak lines and groups of lines 
can be utilized that othenvise would not be available because of 
faintness or uncertainty of W'ave-length. 
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In Table I. are given the velocities for the twenty-five spiral 
nebulas thus far obseni^ed. In the first column is the New General 
Catalogue number of the nebula and In the second the velocity. 
The plus sign denotes the nebula is receding, the minus sign that it 
is approaching* 

Generally the value of the velocity depends upon a single plate 
whichp in many instancest was underexposed and some of the v 3 ,lues 
for these reasons may be in error by as much as lOO kilometers* 
This however is not so discreditable as at first it might seem to be* 
The arithmetic mean of the velocities is 37 ^ 
hence scarcely 20 per cent, of the quantity observed. With stars 
the average velocity is about so km. and two observers with dif¬ 
ferent instruments and a single observation each of an average star 
might differ in its velocity by so per cent, of the quantity meas¬ 
ured. Thus owing to the very high magnitude of the velocity of 
the spiral nebula? the percentage error in its observation is compare 
able with that of star vclociiy measures. 

Since the earlier publication of my preliminary velocities for a 
part of this list of spiral rtebul?e+ observatJoo^ have been made 
elsewhere of four objects with results in fair agfeement with mine+ 
as shown in Table II. 


TABLE n. 

Velocities OF Hehuus 6V Diffeiext ObsiBiV'eis. 

VdDcJly* ObMr*m. 


KG.C. 2 ^ 

Great Andromeda 
Nebnla- 

j 

I 

1 

1 1 t 1 

Sliphct^ ptean frotn several ptate$, 
Wright, Lidc Observatory, one pUtt, 
Pease, Ml Wilion Objsenratoiy, one 
plate. 

Wolf, Heidelberg, one plate approx. 

K,G.C. 598 

Great Sptra! of 
Triangiiluiu. 

1 1 

Pease, Ml WtUon, from bright fines. 
Sllpher, from bright lines. 

N.GC. 106S 

H-1100 
-h T^S 
+ 910 

Sfipber, from dark and hti^ht Imca. 
Pca^se, from two bright fines, 

Moore, Lick Qbservatory, from three 
bright Unea. 

N.G.C. 4594 

4-1100 

-(-iiBakiiir 

Sfipher* 

Pcise, Mt Wilson Observatory, 
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Referring to the table of velocities again: the average velocity 
570 kni a about thirty times the average velocity of the stars. And 
It is so much greater than that known of any other class of celestial 
bodif^s as to set tbe spiral ncbul® aside in a ckss to themselves. 
Their distribution over the sky likewise shows them to be unique- 
thev shun the Milkv Wav and cluster about its poles. 

'The mean of the velocities with regard to sign is positive, imply¬ 
ing the ncbulEe are receding with a velocity of nearly ^m. 
This might suggest that the spiral nebute are scattering but thmr 
distribution on the sky is not in accord with this since they are in¬ 
clined to cluster, A little later a tentative explanation of the 
preponderance of positive velocities will be suggested. 

Grouping the nebute as in Table HI., there appears to be some 
evidence that spiral nebulae move edge forward. 

T-JitBLE HI. 
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The form of the spiral nebul* strongly suggests rotational mo¬ 
tion, In the spring of 1913 1 i^htaincd Bpectrograms of the spiral 
nebute N,G.C. 4594 the lines of which were inclined after the 
manner of those in the spectrum of Jupiter, and. later, spectro¬ 
grams which showed rotation or internal motion in the Great Andr^ 
meda Nebula and in the two in Leo N.G.C. 3^23 and 3 ^^? and -in 
ncbul® N.G.C, 5005 and 2683— I**® well in the last three. The mo¬ 
tion in the Andrometla nebula and In 3623 « moni like 

that in the system of Saturn. It is greatest in nebula N.G.C. + 394 - 
The rotation in this nebula has been verified at the Mt. Wilson 
Observatory. 
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Because of its bearing on the evolution of spiral nebulae it is dc- 
strablc to know the direction of rotation relative to the arms of the 
spirals. Bui this requires us to know which edge of the nebula is 
the nearer us, and we have not as yet by direct means succeeded in 
determining even the distance of the spiral nebuhe. However, in¬ 
direct means, I believe, may here help us. It is avcII known that 
spiral nebulae presenting their edge to us are commonly crossed by 
a dark band* This coincides with the equatorial plane and must 
belong to the nebula itself* It doubtless has its origin in dark or 
deficiently iUmninated matter on our edge of ibe nebula^ which ab¬ 
sorbs (or Occults) the light of the more brightly illumined inner 
part of the nebula. If now" we imagine w^e view? such a nebula 
from a point somewhat oulside its plane the dark band would shift 
to the side and render the nebub unsymmctrical^—the deficient edge 
being of course the one nearer us. This appears to be home out by 
the nebulsc themselves for the inclined ones commonly show this 
typical diss^'mmetry. Thus we may infer their deficient side to be 
the one toward us. 

When the result of this reasoning was applied lo the above cases 
of Totalton it turned out that the direction of rotation relative to 
ihe spiral arms was the iame for alL (The nebula N,G.C 4594 
is unfortunately not useful in this as it is not inclined enough to 
show clearly the arms.) The central part—which is all of the nebula 
the spectrograms record—turns into the spiral arms as a spring turns 
in winding up. This agreement in direction of rotation furnishes a 
favorable check on the conclusion as to the nearer edge of the 
nebula:, for of course we should expect lltat dynamically all spiral 
nebula: route in the same direction w^ilh reference to the spiral arms* 
The character and rapidity of the rotation of the Virgo nebula 
K.G.C. 4594 suggests the possibility that it is expanding instead of 
contracting under the influence of gravitation* as we have been 
wont to think. 

As noted before the majority of the nebulae here discussed have 
positive velocities^ and they are located in the region of sky near 
right ascension twelve hours which la rich in spiral nehute. In the 
opposite point of the sky some of the spiral nebulse have negative 
velocities, i, r., arc approaching' us; and it is to be expected that 
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when more are ohsen'cd there, still others will be found to have 
approaching motion. It is unfortunate that the twenty-five ob¬ 
served objects are not more uniformly distributed over the sky as 
then the case could be better dealt with. It calls to mind the 
radial velocities of the stars whicht in the sky about Orion, are 
receding and in the opposite part of the sky are approaching. This 
arrangement of the star velocities, is due to the motion of the solar 
system relative to the stars™ Professor Campbell at the Lick Ob- 
serv^atory has accumulated a vast store of star velocities and has 
determined the motion of our sun with reference to those stars. 

We may in like manner determine our motion relaitvc to the 
spiral nebulae, when sufficient material becomes available. A pre¬ 
liminary solution of the material at present available indicates that 
ive are moving in the direction of right-ascension 22 hours and 
decimation —22^ with a velocity of about 700 km. While the 
number of nebuke is small and their distribution poor this result 
may still be considered as indicating that we have some such 
drift through space. For us to have such motion and the stars 
not show it means that our whole stellar system moves and 
carries us with it. It has for a long time bcert suggested that the 
spiral nebute are stellar systems seen at great distances. Thi$ is the 
so-called island universe theory, which regards our stellar ^ s- 
tern and the Milky Way as a great spiral nebula which we see from 
wHthm. This theoiy^ it seems to me, gains favor in the present 
observations. 

It is beyond the scope of this paper to discuss the different 
theories of the spiral nebulse in the face of these and other observed 
facts. However, it seems that, if our solar system evolved from a 
nebula as we have long believed, that nebula was probably not one 
of the class of spirals here dealt with. 

Our lamented Dr. Lowell was deeply interested iu this investi¬ 
gation as he was in aU matters touching upon the evolution of our 
solar system and I am indebted to him for his constant encourage¬ 
ment. 

Lowro. Oasrsc^>TDKY, 

April, 191 ^ 


THE TRIAL OF ANIMALS AND INSECTS, 

A Little Rnowk Chaftek op ^Iedleval JtnisFituoENCC. 

Bv HAMPTON L CARSON. 

{Riad Aptil i£, 

In the open $quAre oi the old Notman city of FaLihe, in the 
year 1386-, a vast and motley crowd had gathered to witness the 
execution of a crtminal convicted of the crime of murder. Koblc^ 
□ten in armour, proud dames in velvet and feathers, priests in 
Cassock and cowl, falconers wrilh hawks upon their wrists, huntsmen 
with hounds in leash, aged men with their staves, withered hags with 
their baskets or reticules, children of all ages and c\*cn babes in 
arms were among the spectators. The prisoner was dressed m a 
neiiV suit of man's clothes, and was attended by armed men on horse¬ 
back, while the hangman before mounting the scaffold had provided 
himself with new glos'es and a new rope. As the prisoner had 
caused the death of a child by mutilating the face and arms to 
such an extent as to cause a fatal hemorrhage, the town tribunal, or 
local court, had decreed that the head and legs of the prisoner 
should be mangled with a knife before the hanging. This was a 
mcdiarval application of the lex talionis, or " an eye for an eye and 
a tooth for a tooth.” To impress a recollection of the scene upon 
the memories of the bystanders an artist was employed to paint a 
frescoe on the west wall of the transept of the Giurch of the Holv 
Trinity in Falaise, and for more than four hundred years that 
picture could be seen and studied until destroyed in 1820 by the 
carelessness of a white washer. The criminal was not a human 
^ing. but a BOW, which had indulged in the evil propensity of eating 
infants on the street. 

Within the first ten years of the sixteeuth century-, Bartholomew 

till 
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‘ then a young French ai'Ocai, who became a distinguished 

jurist, and president of the Parlemcnt de Provence, a position cor¬ 
responding to chief justice, won his spurs at the bar by his ingenuity 
in defending the Sals of the province of Autuu, who were charged 
with the crime of having eaten the barl^ crop. He urged that his 
clients, like other defendants, were entitled to notice before con¬ 
demnation. When they failed to appear in court in obedience to the 
proclamation published from the pulpits of all the parishes, he 
argued that tlieir non appearance was due to the vi^ lance of their 
mortal enemies, the cats, and that if a person be cited to appear at a 
place to which he could not come in safety the law would excuse 
his apparent contumac)'. Years later, at the height of his fame, in 
1540, he insisted upon the same principle, in defending the persecuted 
Waldenses who were prosecuted for heresy, contending that as it 
had been established iu the Rat case that even animals should not 
be adjudged and soitenced tvithout a hearing, all of the safeguards 
of justice should be tlirown aroimd the accused. 

I have cited these cases of the Sow and the Rats, not as isolated 
and extraordinary instances of medieval trials, such as the cele¬ 
brated Cock at Basel in 1474 » examples of what tvas 

common to Continental jurisprudence from the ninth to the eight¬ 
eenth century. Indeed as late as 1864 in Pleiemica in Slavonia, a 
pig was tried and executed for havii^ maliciously bitten off the cars 
of an infant one year old, and we arc told by Professor Karl von 
Amira, who reports the case, that while the flesh of the animal was 
throrni to the dogs, the oivner of the pig was put under a bond to 
provide a dowry for the mutilated girl, so that the loss of her cars 
might not prove an obstacle to her marriage.^ Of the extent to 
which the Trial of .Animals formed a substantial part of MedUeral 
Jurispnidence, the most convincing proof is found in the Report and 
Researches of Barriat-Saint-Prix.“ who gives numerous extracts 
from the original records of such proceedings, and also a list of the 
kinds of animals tried and condemned. He gives ninety-three 
eases from the beginning of the twelfth to the middle of the eigh- 

»'■ Thicrstnfeii and Thierprocesse.” p. 578, Innsbruck. 1891. 

s Mtmoirct of the Royal Society of Aniiquariet of France (Paris. iSap, 
Tome VIII., pp. 403-50). 
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teciith ccntur,'. Carlo D'Addosio/ Neapolitan writer of recent 
times, enlarges the list to one hundred and forty-four prosecutions, 
resulting in the execution or excommunication of the accused, and 
extends the lime from the year 824 to 1845; while our fellow 
countryman, Mr. E. P. Evans, in an exhaustive *' Gironological List 
of the Prosecution of Animals from the Ninth to the Twentieth 
Century,” begins with the case of moles In the valley of Aosta in 
£24. and doses with that of a fierce dog who aided murderers in 
their crime in Switierland and was tried as an accomplice as late 
as 1906,* 

An analysis of Mr, Evans' list gives these results. Out of one 
hundred and ninety-six cases he assigns, 3 to the ninth, 3 to the 
twelfth, 2 to the thirteenth, 12 to the fourteenth, 36 to the fifteenth, 
57 to the sixteenth, 56 to the seventeenth, 12 to the eighteenth, 9 to 
the nineteenth and t to the twentieth centuries. The scenes were 
laid in Belgium, Denmark, France, Germany. Italy, Portugal, Rus¬ 
sia. Spain, Switzerland, Turkey. England,’Scotland, Canada and 
Connecticut, the last named being in the days of Colton Mather. 
This wide distribution of time and territory shows how persistent 
and prevalent the practice was, and corrects any notion of its being 
due to local passion or territorial superstition. The most numerous 
cases were in France, but this is due to a more careful study of an¬ 
cient records by French antiquarians than by those of other iiatiotis. 
The two English cases were those of a dog and a cock, the Scotch 
case, that of a dog, the Canadian case, that of turtle-doves, and the 
Connecticut cases those of a cow, two heifers, three sheep and two 
sows. 


As early as 1486, in a curious book, printed by Anthony Neyret, 
there is a classification of beasts or animals into those which are 
sweet beasts (bestes doulces) such as the hart and hind, and stenchy 
beasts (bestes puantes) such as pigs, foxes, wolves and goats, to 
uhich in time were added of domestic animals, such as asses, bulls 
cows, dogs, horses and sheep, those of a ferocious and vicious dis¬ 
position. These all fell under the jurisdiction of the civil and crim- 


V., 1006. 


* Bestie Delinquents," Napoli, [Saa. 

* -The Criuiinal Proseeution and Capital Punishment of .AtilmaU," N, 
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inal' courts, and afler trial and condemnation were executed either 
by hanging, or burning at the stake. Vermin such as field mice, 
rats, moles and ureasck and pestiferous creatures, such as bugs, 
beetles, btooksuckers, caterpillars, cockchafers, eels, leeches, flies, 
grasshoppers, frcgs, locusts, serpents, slugs, snails, termites, weevils 
and worms were disciplined by the ecclesiastical tribunals and in due 
time excommunicated. 

This sharp distinction between the jurisdiction of the secular 
and ecclesiastical tribunals is explained by Professor von Amlra, 
who says that animals, such as pigs, cows, horses and dc^s, which 
were in the service of man and who committed crimes against man¬ 
kind, could be arrested, tried, convicted and executed like any other 
menibers of his household, but rodents and insects w ere not the sub¬ 
ject of human control, and could not be seized and imprisoned by 
the civil authorities. Hence, it was necessary to appeal to the inter¬ 
vention of the Church, and implore her to exercise her super¬ 
natural functions for the purpose of compelling them to desist from 
devastation of those fields and places devoted to the production of 
human food. 

The explauation of the mental and moral attitude of the tribunals 
in those days in relation to the subject is to be traced to the belief 
of the ancient Greeks, who held that a murder, whether committed 
by a man, a beast, or an inanimate object, such as a deadly weapon, 
a spear, a knife, or a hammer, unless property expiated, would 
arouse the furies and bring pestilence upon the land. The mediaeval 
Church taught the same doctrine, but substituted the demons of 
airistian theology for the furies of classical mythology. Eminent 
authorities, as Mr. Evans has shown, maintained that all beasts and 
birds, as well as creeping things were devils in disguise, and that 
homicide committed by them, if it were permitted to go unpunished, 
would furnish an opportunitj' for the intervention of devils to take 
possession of persons and places. The cock at Basel, suspected 
of laying an egg in violation of his sex. was feared as an abnormal, 
inauspicious and therefore diabolic creature: the fatal cockatrice 
might thus be hatched. While as to swine, they were peculiarly 
attractive to devils, and hence peculiarly liable to diabolical posses- 


414 CARSOX-THE TRIAL OF AXIMALS AN’D INSECTS. 

son as proved liy the legend by which devib left the lunatic ind 
enicrcd the herd of swine whit* pitched itself into the sea* Bcel- 
aebub was incarnate in all night beasts, especially if they happened 
to be black. If Pythagoras was nght in teaching, ‘‘that souls of 
animals infuse themselves into the tnmks of men,” what wonder 
was it that Cratiano exclaimed to Shytock: 

" Thy Currish spirit 

Goveni'd a wolf, who, hanged for human slaughter. 

Even from the gallows did his fell soul Heel, 

And, whilst tliou Uy'st in thy unhallowed dam. 

Infused itself bi ihec; for thy desires 
Are wolfish, bloody, sterred and ravenous." 

In explanation of the judicial proceedings so solemnly resorted 
to in the trial, conviction and punishment of animals, a Swiss jurist, 
Edward Osenbruggen, in lS68, advanced and maintained the thesis, 
that they can only be understood on the theory of the personifiea- 
tion of animals: that as only a human being can commit crime and 
thus render himself liable to punishment, it is only by an act of 
personificatton that the brute can he placed in the same category as 
man and become subject to the same penalties; and he regarded 
the Basel cock as a pcrsonilicd heretic, and therefore properly 
burned at the stake. 

Sir, Ev'ans regards this as purely fanciful, and concludes that 
'the judicial prosecution of animals, resulting in their cxcommuni- 
cation by the Church or their execution by the hangman, had Its 
origin in ihe common superstition of the age. which has left such a 
tragical record of itself in the incredibly absurd and atrocious an¬ 
nals of witchcraft. Tlic same ancient code that condemned a homi¬ 
cidal ox to be stoned, declared that a witch should not be suffered to 
live, and although the Jewish law giver may have regarded the for¬ 
mer enactment chiefly as a police regulation designed to protect per¬ 
sons against unruly cattle, it was. like the decree of death against 
witches, genetically connected with the Hebrew cult and had there¬ 
fore an essentially religious character. It w^s these tyvo paragraphs 
of the Mosaic law that Christian tribunals in the Middle Ages were 
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won't to advance as their authority for prosecuting: and punishing 
both classes of delinqueot^n” 

In conclusion, may we not exclaim, in the words of the poet 
Rogers in his Ode to Superstition, 

■ 

Hence to the realms of Night 
Dire Demon hence! 

Thy chain of adainaiil can bind 
That little world, the htiman mind. 

And sink its noblest powers 
To impotenceT 


THE SEX R.MIO IN- THE DOMESTIC FOWL.‘ 


Blf RAYMOND PEARL. 

{Jiirad AprU IS, Ipl7.} 

I. I S'TRODUCTIOS, 

One of the most notable biological discoveries of recent years is 
that which has demonstrated the cytological mechanism of sqx de¬ 
termination. As a result of the work of McClung, Wilson, Stevens, 
Montgomery, iforgan, and many other investigators, we have a 
tolerably clear understanding of the cellular mechanism by which it 
is determined, in a wide variety of forms, that particular individuals 
are males while others are females. At first sight it would appear 
that the discoveries referred to had made superfluous further studies 
of sc.'i ratios. The whole history of the statisdcal investigation of 
sex ratios, viewed from the standpoint of present knowledge of the 
mechanism of sex determination, seems a rather futile and blind 
groping after something which very successfully eluded that form 
of pursuit. 

But there are still reasons, as it seems to th^ writer, why it is 
desirable to carry on certain sorts of statistical investigations of sex 
ratios. The most important of these is that there is a considerable 
body of evidence in the literature, which would seem to show, if 

‘Papers from ihe Biological Laboratory of the Maiitc Agricultural Ex¬ 
periment Station. No. lift This paper constituits No. VIII. of a series 
of " Sex Studies" by the present writer. 

It was origtiully intended that this should be a inuch mere extended 
paper than it now Is, When il was presented before the Society a number of 
matters were discussed which do not appear here at all. This condition of 
affairs arises from the fact that in the nridit of the preparation of the final 
manusmpt for the printer the writer was called to war work which made 
impossible the completion of the paper In the form originally contemplated 
In View of the impossibility of foretetllng when the writing could be oom- 
pleled it seemed desirable to publish the portion already done rather than to 
leave the whole till the somewhat uncertain time of the end of the war. 
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taken at its face value, that scx ratios majv in some cases at least, 
be experimentaJly modified and in some degree controlled. The 
critical value of all of this evidence is not equal. In some instances 
it appears certain, and In more cases probable, that the data pre¬ 
sented do not warrant the conclusion that the sex ratio has been 
either modified or controUed. There is, of course, no theoretical 
impossibility in modifying the sex ratio in an organism where the 
chromosomal mechanism of sex determinatiou is a definite and con¬ 
stant one. We know of no hereditary character which may not, 
upon occasion, be modified; and in the case of sex tJic brilliant re¬ 
searches of Goldschmidt* make it clear that not only the somatic 
manifestation of the chromosomal sex rnechanlsm may vary and 
be e.xperimentaMy modified, but presumably also the mechanism it¬ 
self. But just because of the usual and normal stability of ger¬ 
minal mechanisms it becomes the more important to be sure, on the 
one hand, that evidence alleged to demonstrate that sex ratios may 
be modified or controlled is sound and adequate when subjected to 
the scrutiny of modern statistical science, and, on the other hand, 
to learn more than we now know about the normal variability of 
sex ratios- As a contribution in this direction it seems important 
w-here possible to present and critically analyze statistical data, of 
adequate amount, regarding the normal sex ratio of forms frequently 
used in experimental work. 

It is the purpose of this paper to present and analyze such data 
for the domestic fowl. The statistics here used cover eight years in 
point of time, and represent over aa,ooo individual chicks. 

The specific topics which will be discussed are these: 

t. The normal, average sex ratio in the domestic fowl, 

2. The variation in the sex ratio. 

3, The influence of prenatal mortality on the sex ratio. 

II. Matebi.^l Metkods. 

Before undertaking the presentation and discussion of the sta¬ 
tistics it is desirable to say a word in regard to their collection and 
analysis. The data are those which have arisen in the writer's cx- 

«Goldsebmidt. R., Amer. .Vet,. toiCi and other papers. 

K( 5 e, AMJi*. rillL, SOC., VOL. LVl, an, JVLV 17, 1917. 
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p*rimcntal breeding operations with poultry at the Maine Agri¬ 
cultural Experiment Station durJn^ the breeding seasons of 190S 
to 1915 inchisive, The 1916 matings are not included except for 
the discussion of certain special problems because the original 
record-taking on that year’s birds is not completed at the time of 
writing. During the period covered by the statistics the sex of 
e^ery chick which hatched was cletermined if it was ph3'stca]lv 
possible to make such determinatioii. Failure to determine the sex 
in individual cases resulted from one or another of the following 
kinds of causes: (o) The loss of the bird from predaceous enemies, 
thieves, or straying; (6) the bird's total destruction by fire; fr) the 
loss of its identifying kg band, which rendered its assignment to 
the proper mating impossible. In the case of birds which died be¬ 
fore reaching an age where the development of secondary sex char¬ 
acters made it possible to distinguish the sexes externally, dissec¬ 
tion and examination of the gonads was resorted to for the deter¬ 
mination. 

The number of cases of birds not sexed at all. for the reasons 
above stated, was not proportionately large. I have elsewhere^ given 
detailed figures on the point for one year. Other years presented 
ttitich the Same sort of facts. The important feature is that these 
irremediable losses, so far as all the evidence indicates, have been 
random samples of the population in respect of sex. Further on 
in the paper detailed evidence in support of this statement will be 
presented. 

In the statistical treatment of the data the mating or family has 
been made the unit, wherever such treatment is possible. While 
not novel, this method of dealing with sex ratio statistics is unusual. 
It has certain marked advantages, from a methodological viewpoint 
over the more usual procedure of considering a whole population 
as the unit in studying the sex ratio. These advantages will be ap- 
parent a& proceed. 

■ThToiighont this paper the sex ratio is presented as the percentage 
of the males in the total of the group or population. Or, in other 
words, we express the sex ratio as 

* Pearl. E., .Vo,,. Vcl XLV., pp. icf-ri?, 
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roocf J 

cf d*-H <f*<? 

for any mating, group or population. To convert any such sex 
ratio into the form where the proportion of the sexes is expressed 
as number of males per loo females one has only to divide the 
given R by too—^ and the answer, multiplied by icm, will be 
the result sought. 

III. The Noemal Sex Ratio in the Fowl. 

In dealing with sex ratios wdth the single mating or family as 
the unit it is evident that the absolute of the family from each 
mating is a factor which must be considered. In a family of 2 the 
only possible values for R ^ are 0, 50, and too per cent. Again, a 
single family of 2 is a very smati sample 01 the gametic population 
of the parents. The larger the family, obviously, the better the 
sampling. Now in the usual method of dealing statistically with 
sex ratios^ where one simply counts all the tnal^ and all the females 
in the popuktion, no account whatever is taken nor can be, of the 
badness of the gametic sampling in case of very small families. A 
male in a family of i counts as significantly tow^ard the final result 
as a male in a family of 30. Yet it is quite sure that if wx deter¬ 
mined the sex ratio of the population on the basis of families of i 
only, the result would be less worthy of confidence (f* of a larger 
probable ” error) than if it were based on large families only* 
Tables 1 . to III. inclusive give the distribution to the sex ratios 
for all fertile matings of the domestic fowl made by the writer in 
the eight years from 1908 to 1915 inclusive. Sterile matings arc^ 
of course, not included. The data are divided beiw'ecn the three 
tables on the bads of size of family. Table 1 . includes only families 
in which 10 or more chicks were produced. Table II. includes fami¬ 
lies of from 4 ^^9 chicks, and Table III* covers the very small fami¬ 
lies of I, 2, or 3 chicks only. In order that there may be no mis¬ 
understanding it will be well to state clearly Just the significance 
of these tables. To take an example: The entry 2 in the first row 
of Table 1 . means that in the year 1908 there were produced 2 fami¬ 
lies, each containing 10 or more chicks, in each of which families 
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the percentage of Jcf to total number of chicks was somewhere be¬ 
tween lo per cent, and 19.9 per cent* Other entries arc to be cor¬ 
respondingly read. 

The first thing which strikes onc^s attention in examining these 
tables is that extreme values of the sex ratio (below 20 and above: 
So say) occur relatively frequently only in smalt families. If the 
families are very small (Table III.) extreme values of the sex ratio- 
become actually inore frequent than medium values. The greater 
frequency of extreme sex ratios in small families is obviously what 
would be expected on merely arithmetic grounds. Thus to take the 
data of Table III. We find from the origttial records that there 
were 54 families of i, 55 of 2^ and 54 of 3 each contributing to thU 
table. Suppose males and females were equally likely to occur (f. 
e., then according to the laws of chance, the totals of 

Table 11 L would be expected to be as shown in Tabic IV* These 
are compared with the actually observed lotab- 

TABLE IV, 
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Numbes of Famujes, ox the Assumptiox that 
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WTiiJe this by no means a pcrfcait fit of the cbiiervatiocis by 
the chance distribiilton, the latter ts close enough to the former to 
indicate clearly the essentially chance determined character of the 
observed distribution. The resemblance would be still closer if we 
took a value ol for the computation more nearly in accord with 
the actual fact than is 50, the value actually used. 

There is no need to pursue this point further, as it will be evi¬ 
dent to anyone who will examine Tables I., 11, and III., in the light 
of the points just made, that w-e cannot draw any conclusions of 
critical value regarding the normal variation of the sest ratio in the 
fowl, at least, except on the basis of families containing at least 10 
individuals each. 
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We may xiestt consider the mean sex ratio, dealing separately 
with each of the three groups. In calculating these means, and the 
other variation constants, it was not assumed, as is ordinarily done, 
that each class centered at the mid-point of the strip of base on 
which its frequency stands. To have done so would have involved 
a considerable error. Instead the actual centering point for each 
class was detertnined from the iudividual records. The results are 
shown in Table ¥., and from this table one can see how large the 
error involved in the usual statistical assumption would have been. 
The reason for the error is, of course, purely arithmetical, and 
arises from the fact that in small groups, such as the families here 
dealt with, only certain percentage values are possshle. 

Using the values of Table V„ ive get. by ordinary methods, the 

TABLE V. 
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mean sex ratios exhibited in Table VI. We shall deal at this point 
only with the total distribution of Tables 1 ., 11,, and III. 


TABLE VI. 

Mean Sex Ratio or tue Domestic Fow- Vahous B»EEns. 
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These figi^res show that if we take alL of the 22,79! chicks^ on 
which this table is based, into acccmnt together we get a mean sesc 
ratio of 4945* approximately one half of one per cent fewer 
males than females. This, however^ cannot be regarded as the 
normal sex ratio for the strains of poultry and the environmeJital 
complex here dealt with, because (ff) the table shotvs an obvious 
influence of size of family on the sex ratiop a point to which we 
shall return for detailed dlscussiort bter in the paper, and {b) fami¬ 
lies under 10 cannot be considered as representative of the normal 
fertility of the d 0 mesHc fowl. The value for families of 10 and 
over, namely =48.58 ^ , 2 $ (944), is certainly to he regarded as 
much nearer the true biological norm for the sex ratio of this group 
of poultry under the environmental conditions prevailing at the 
Maine Station. 

Taking this value as the normal one, how does h compare with 
other values for other strains of poultry* and for other birds do¬ 
mestic and wild? Unfortunately there are very few data available 
for comparison. Curiously enoiighp this lack is most pronounced 
where it would be least expected,—namely in the case of poultry* 
Tabic Vlt. contains all the data, involving numbers large enough 
to be statistically of any significance, with which the writer is ac- 

TABLE VC. 

Srjt Ratio Statistics FtfiR VAaioos Braps. 


iMnl. 

TMal Ne. 

1 

df* sf iMoa Ofl- f 

Auiluinly^ 

Rfgron..... L> 

IS6 

^<648 

536^ 

5»-aT 

1.159 


Plgie™-. , 

1,053 

Cole md KErkpatHcl:! 

CanaiTi' 

JOD 

4S Sa 

770 

Hcupe* 

CiUidr)' 

68 

t7 94 

3.533 

Heaped 

FitwI .. 

T.-MI 


947 

Dajwuai 

Fowl .. 

3^05 

44-63 

Sofl 

Field" 

FqtcI 


43-57 

944 

FearK ttua pdper, FfimnEci 
of 10 and o\*er. 


* Cuenatp L,p Bulhtin Sn. Prant^ T. 32 (5th Ser.^ T, i), pp, 

4^sy>- iS^ 

= Cole, L. J.p and Kirkpatndr* W. F.* Bkade Is^mtd A^rtc. Expf, StoL 
BuUritn^ 162, pp. 463-512, 1915. 

® Heape^ W., Proc. Cambrid^* FML S^Cr, Vol. XIV., pp. 201-205^ 1907, 

T Danji-tn, C, "Tlsc Descent of Man," Vc?L 1 . 

^FicTcJ, G. VV., Biai Vot. IL* pp. 360-361, 1901. 
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quainted. If* as may well be the case^ he has overlooked some ex¬ 
tensive tabulations of sex ratios in birds^ he will be very grateful for 
the pertinent references. 

It is evident enough from these figures that the sex ratio varies 
in domestie birds quite as extensively as it does among domestic 
mammals. In general there would appear to be a tendency toward 
the production of a slight excess of males among two of the sorts of 
birds here dealt with* This seems certainly true for pigeons. The 
canary results are not very clear either way* Heape gives data on 
the sexes from tw^o {lanary breeders. Tlie results are widely dif- 
fcrenL This difference in sex ratios Heape attributes to differences 
in the mode of managing the breeding birds. Here it suffices 
merely to point out that in any case^ the numbers on which the 
canary ratios are based are statistically very small. It may well be 
doubted whether the deviations exhibited in Heape's material are in 
reality significant. 

In the fowd the case appears to be different, all available statistics 
agreeing in showing a uonml excess of females. It is^ however, the 
opinion of many poultry men of long experience, that the usual condt- 
tiod Is practical equality of the sexes^ with a small but steady pre¬ 
ponderance of males—a sort of sex ratio simile to that which man 
exhibits. The practical equality of die production of the sexes in 
poultry has been noted by various writers.® 

But all of the actual statistics vi hich I have been able to fiud 
shovv the slight preponderance to be of females and not of males. 
The agreement between I>arwin*s figures and those of the present 
luvcstigaLion is nearly perfect. General experience of poultrjTiiea 
would indicate that the very low $cx ratio got by Field could not be 
considered as normally representative of fowls in general. The 
close agreement of my figures ivith Danvin's, collected ratlier more 
than a decade later than Fleld^s, would seem definitely to negative 
the suggestion of the latter that the normal proportion of the sex^ 
in poultry has actually changed since Darwin's time ^'as a rsisuk of 
the breeders" desire to produce a larger proportion of females.^' 

»E. A„ ''Die Federviciiiticlit;' Bd, I. Berlin, 190a, p, 56(3, 

Lewh, H. R,,"" Productive Poiiltry Husbandry,” Fhiladelplila. 1913, p. 
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It U lo be regretted that more of those who have used poultry as 
experimental material have not kept and published accurate and 
complete figures of sex pr<oducb'oii. 

In any case the immediate problem before us is clearly to at¬ 
tempt by analysis of the figures to learn what influence various 
factors may have in the production of the excess of females plainly 
shown in the extensive statistics of the present paper. The chromo¬ 
somal mechanism of sex determination in the individual case would 
lead us to expect an equality of the sexes in statistically large num¬ 
bers. But it is plaiq tliat, even with very large numbers, no such 
equality' is attained. There must be reasons, scientifically ascertain¬ 
able, for this deviation. It is our problem to find what these reasons 
are. 

In undertaking such analysis let us first sea whether the excess 
production of females is a secularly regular phenomenon in this 
stock and under our conditions. 

The mean sex ratios for each year for families of to and over 
are set forth in Table VIIL 

TABLE Vm. 

S Ho wise THE YeaK-V CuANGtS tX MeAK £eX RATIft FAMILIES DT 10 ASSB 

OVEIL 

»fwi 

..46,16 + 1,07 ' 

...H i + i... .. ^ .yS 

.. 47x18 ± .79 

.49-59 ± -77 

.. 49-999+ ,81 

--- 49^83 ± 6* 

. ± ^ 

The data of this table are shown graphically in Fig, i. 

From the table and diagram it is evident that the excess of fe¬ 
males is not a sporadic, but rather a regular phenomenon in our 
stock and conditions. While at times the ratio comes very close 
to 50 (c. g., in 1913) it never quite reaches that value. The fluctua- 
‘ tions of the ratio in successive years appear to be entirely random. 


Vhu-. 

1908 

tcj09 

tgio 

1911 

igia 

1913 

19(4 

rgts 
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Fie. l. Showing the jnean ij mx io eonsieciitive 3?ifari, 


III. The Normal Variatton of the See Ratio. 

So far we have considered only mean values. Lei us now cKam- 
ine the dispersion or variation constants. From the totals of Tables 
1 ., II., and in. we deduce the standard deviations set forth in Table 
IX, by the ordinary method. 

table IX. 

Dkviatiqn of the Sex Batiq m Domestic Fowu Vikiiioi^s; 
BtEcaS, 

Faniitifia of m and over + *3-37± .so 

Ffiunilics of 4 to 9 indosive p.,24_1^+ ,5^ 
Families of l to 3 incltMive ^ 72 ± 

of 4 and over.... lEsSOi 
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The striking fact which this table brings out is the great reduC' 
tion in the variation of the sex ratio from mating to mating as the 
progeny from the individual mating becomes more numeroiis. 

Even with the large families, however, the amount of variation 
in the sex ratio is large, absolutely and relatively. Taking families 
of ro the percentage of the standard deviation in the mean is 

27.53. 

This is of roughly the same order of magnitude as the coeffi¬ 
cients of variation of such physiological characters as fecundi^,^^ 
etc. There can be no question that the sex ratio is relatively a much 
more variable character than stature, skull form, and most other 
morphological characters of animals. In view of this fact, there 
would seem to be need of vastly more caudon than is commonly 
exercised by writers on the sex ratio in drawing far-rcaching con¬ 
clusions from very small numbers. 

The values for the standard deviation of the se.x-ratio here ob¬ 
tained for poultry are of tiie same general order of magnitude as 
those of Heron** for man and horse, and of Weldon** for mice. 

The form of the normal sex-ratio variation curve is of interest. 
In order to deal with this adequately, we must resort to the ana¬ 
lytical methods of Pearson.** 

The case presents some difficulties from the standpoint of graph¬ 
ical representation, because of the fact pointed out above, that we 
have dealt with the actual centers of gravity of each piece of area 
standing over a unit on the abscissal axis, and have not assumed as 
is usually done, that tlie center of gravity of each strip was at its 
mid-point. The conventional histogram docs not pve any repre¬ 
sentation of this distorted concentration, and hence the correct fitted 
curve does not seem to give so true a representation of the facts as 
an incorrect one, as will presently appear. 

Cf, Pearl. R., 5 We»iee, VoL 37, p. 22S, 1913. 

Heron, D„ Diometrilm, VoL V., pp. 190!}, 
rr On Hcredii? in Mice Irom the Records of the Late W, F, R. Weldan, 
Part I. On the inheriunce of the Sex-ratio and of the Si*c of Litter.'* Rio- 
m^lrika, VoL V., pp. 437 -^ «W. 

t» Pearson, K., Phti Tran-i^ VoL 86 A, pp. 3U-4i4> lu p1s« iSsnSi 
Voi. 197 A. pp. 443-45Qr IJOI. 
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la Table X. are given the true analytical constants of the curve, 
and, in another column, the analytical constants on the assumption 
of concentration of the frequencies at the mid-points of the classes. 


TABLE X. 

Asmlytical Constants for VAatAiiPN Vi the Rate is Pom-Tiv* 
Varidus Biinos. Fa^hies of io and Dvul 

FHqundM C*bco)^ FK^ftmc^a Subina^ 

- ^ trtled triiJ:c 4 lT 

CmaiMMK of CkoA AMi. CIkMi Ami. 

A , + **, 4 *,...,^, 1009 10 C 39 

Mean - 4S.574 49-549 

1*5 ........+ ^,.^4 1.7^87 

#, —,0093 

1*1 .. iTooSs m.27ia 

A lAI-fi -fc +1 ■.DOOQ15 ^o[J4 

ft ......... ,p . 3.44117 3.1019 

*fi — + . + ++*„, +^8814 H-.iii 59 d 

.+. 0 W 13 +JQS^ 

Type .. VIL IV. 

Mode .. h| 8-574 50^231 

Skewness — .0015 + ^0^ —,€306±.0037 

yi -- 315.23 42-740 

The equations to these curves are as follows: 

True curvet 

Mid-point cwn’c: 

tw-' f cni 

y = 45-740 7 -^—Tir^. 

V ’^ 126 . 0478 / 

Tho fitted curves and the histograms are shown in Figs, a and 3. 
From the data and the diagrams, the following points are to be 
noted: 

1. Tlie distribution of the sex ratio about the mean value is ap¬ 
proximately symmetrical, and. if sufficiently large famnics are used, 
leads to high contact of the curves at both ends of the range. 

2, The distribution is apfarmity more skew than it actually is 
because of the fact that this graphical representation makes no ac- 
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cotittt pf the concentraiioii oi the frequency* at other than the mid¬ 
points of the cla&s areas. 

3. The fitted curve makes it possible to make some rather definite 
statements as to the probability of the occurrence^ as a result of 
chance merely, of distinctly aberrant sex ratios. Poultry papers 
ver>^ frequently, and scientific journals rather more often than would 
seem compatible with any clear ^asp of the theory of chance, con¬ 
tain statements about marvelous deviations from the normal siex 
ratio in particular families or small groups of families. Usually 
such widely divergent sex ratios are most uncritically taken to 
prove cither the inheritance of a $pecial sex tendency in a particular 
line of breeding, or the influence of some external environmenta^l 
agent upon sex determinatiou. If, lor example, a poultry breeder 
finds that out of twenty chickens from one pair of parents, fifteen 
are pullets, he is distinctly apt to regard this as a wonderful phe¬ 
nomenon, w^orthy of his best excgeiic powers. But our present sta¬ 
tistics show that, if we deal with families of tw^enty chickens for 
example, it is to be expected on the basis o f chance alone, the fol¬ 
lowing relations wdll hold. 

15 or mote diicks wiil be puficts in $6 out of every i.ooo families of 30 

16 or more zhidis will be pullets In 3S out ol every 1,000 families of 

17 or mor« cliickj w^ill be pullets m rz out of every i,Ooo families of ^ 

18 or more chicki will hr piilleui In s out of every I.0O0 famiUcs of 20 

19 or more chicks will he pullets in 2 out of every t,ooQ families of 20 

20 or more chicks will be pulleU in i out of every 1,000 famllEes of so 

It needs no particular emphasis on these figured to Indicate that 
before aberrant sex ratios can be considered indicative either of 
environmental or hereditary effects, It will be nece^saiy' to show 
that they occur with such frequency as to exceed considerablv that 
expected on tlie basis of chance alone. 

IV. PrEXATAL hlORTALlTY AND THE SeX RaTIO. 

The first suggestion which comes into one's mind in attempting 
any analysis of the causes of a deviation of the sex ratio from equal¬ 
ity. is that the prenatal mortalitj^ has been differential in respect to 
sex* It is commonly held by statistical writers that this h true of 
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some portion, at least, of the prenatal mortality m man. In still 
births there is a greater excess of males over females than in living 
births. The reviews which prevail among statistical writers regarding 
this matter arc well put by Kichols” (p. 269) in the following 
passage: 

Obviously the main Canst 01 the greai preponderance of male itslTbirths 
ftfiolvea itself into the question of the comparative Tnortality or daub rate of 
the male and female sexes durtn^ the intrauterine period of existence. Vital 
£taHstic& have ihoiAti dearly that there are material difFerence^ in tlie mor¬ 
tality of the tvi^o $exe$, the death rates among males beings in gcncralT higher 
than among females ihrooghoyt nearly the entire period of life^ and the aver¬ 
age duration of life of females being greater than of males^ During the 
adult and later periods of life this difference Is largely or partly cjipbinable 
on the ground of the greater stress and strain and liability to Injury imposed 
by the greater responsihililiesL, more laborious occupations.^ and greater expo¬ 
sure of tnen*^ and thetr greater indulgence in vidcus and morhihe habits; these 
factors scarcely being o^set by the perils incurred by women during the child- 
bearitig periotL But tlie same greater mortality of males occurs, and in the 
mmi milrfeeii degree, even In the IntrautcriTic period of existence and in the 
early years of life before the factors mentioned begin to be operative: it is 
therefore obvious that the male constlEuticin is intrinsically weaker^ less hardy, 
and more sn^ceptibk to morbific and morllflc influences^ and has 1 gs$ vitality 
and resisting power again St dUtisei than the femate. The cause of this Innate 
disparity of vitality between the two sexes we do not know: but the fact it 
exists, that the antenatal mortality and death rate of mates much exceeds that 
of female fetuses, accounts for the great excess of mate over female still- 
births.'^ 

The demographic ohjectSd in the study of sex ratios, are some^ 
what different than the purely biological. In the present instance, 
and generally in purely biological studies on the proportion of the 
sexesp what we really wish to know is the true proportions in w^hich 
zygotes of the two sexes are produced. This can not be di¬ 

rectly observed in higher vertebrates, owing to the occurrence of pre¬ 
natal mortaHty at all stages between the fertilization of the egg and 
the birth of the young. The earliest easily observable datum plane 
which one has upon which to base a conclusion as to the sex pro* 
portions in the zygotes at the moment of their production, is the sex 
ratio at birth. Obviously the prenatal mortality may fiave indiienced 

Nicholsp J. B,, Afftn. Anihr^ylu^l Assoc., Vol. L, Part 4. pp. 2^ 

3^00, igo7. 
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this ratio, and called a devtadan from the initial zygotic rado. 
But It is equally obvious that the post-natal mortal!ty, whether dif¬ 
ferential in respect of sex or not, can give tis no direct aid in esti¬ 
mating the initial zygotic ratio from the observed ratio at birth. 
Hence the post-natal mortality has no special interest in connection 
with sex studies to the biologist, though it does have to the demog- 
rapher^ who is concerned, among other things, with the sex distri¬ 
bution of populations throughout life. 

In poukiTf% the hatched chicks show a certain fairly definite 
ratio of males to females as we have seem. Does this observed 
ratio at birth differ from the initial zygotic sex ratio? To answer 
this question^ it is only nccessaiy to determine whether the sex ratio 
of the zygotes which die before hatching i$, or is not, different from 
the sex ratio of those which hatch. Theoretically thb should be 
simple. Practically it is not wholly so. The difficulty is that the 
sex of the z>'gote is not distingnishaWe by any practical means until 
the embryo reaches a certain more or less advanced stage of develop¬ 
ment. I f z}'gote& die before that stage of devetopment is reached^ 
as some do, then it becomes impossible practically to determine 
whether that particular moiety of the mortality was or was not dif¬ 
ferential in respect to sex. Theoretically, of course, one should be 
able to sex evety^ zygote by means of a cytologica! examination of 
its chromosomes. Practically^ however^ this is not to be seriously 
considered. 

The result is that in the chick it is practically impossible to say 
absolutely whether the mortality between the fertilization of the egg 
and about the tenth day of development of the embry^o is or is not 
differential. We can, however, determine, with great precision, the 
facts regarding the mortality from the tenth day to the end of in¬ 
cubation. This has been done by the writer, during the past two 
years. Every egg in which the eenhrym developed to the tenth day 
or beyond, and died before hatching, has been opened, the embryo 
removed and dissected, and its sex and certain other characteristics 
recorded* This is distinctly tedious and unpleasant work, hut there 
appears tu be no alternative method of getting certain sorts of in¬ 
formation very' essential in the analysis of many problems. 
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The B^rcs for the sex ratio of the dead embryos for the years 
1916 and x^i7t the only ones for which complete records are at 
hand, are given in Table XI, 


TABLE XL 

Stx Rato op Eumyos misc BetwccK lua Testb Dav op iKcmA-rms 
Aso HATcaiNO, Vaiiovs Bkeeds. 




? fl. 

Kd- 

1016 , __,, 

6^3 

fisi 

4^7 “ t J.O 

4S.0 * 4)5 

?917 _ .-. . 


9*7 

^4 

4i.3« .77 


These niimbers are large enough so that the results are dearly 
reliable. And it is equally clear that tins portion of the prenatal 
mortality is not dilterential in rcqject to sex. For the season of 
I9i& the sex ratio of the living chicks at hatching was 

is ^=48.3 ±0.89, 

a value not significantly different from that for the prenatal mor¬ 
tality given in Table XI, The sex-ratio figures for the living 
hatched in 1917 arc not available at the time of writing, but it 
evident enough, if we compare the figures of Table XT. with those 
of Table VI. (p. 432), that there is no differentiation in respect of 
sex of the mortality of the last eleven days of the prenatal life of 
the zygote. 

Cole and Kirkpatrick’s' data for pigeons appear to indicate that 
probably the prenatal morlality in that form is not differential. It 
must be said, however, that they take account of only a small amount 
of the total prenatal mortality, those dying at the very end of incu¬ 
bation. then group this with the /ojl-naial mortality of the first five 
days after hatching. The general impression given by this data, 

however, is that the prenatal mortality is probably not differential 
in the pigeon. 

It is evident from the data of Table XL, that the explanation 
for the preponderance of females in poultry is not to be found in 
the greater frequency of deaths of males during the last eleven 
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days of idcubation. But thsre remains a certain mortality during 
the first ten days. We are in position to say, on the basis of evi¬ 
dence already given, that in the Maine Station flock male and female 
zygotes are present in the proportion indicated by =48,5 at the 
time when the zygotes arc 10 days old. \Vere they initially present 
in etjual numbers and did enough more males than females die dur¬ 
ing the period to the tenth day of incubation to produce the J?„> = 
4S.5 status? Here we would call attention only to two pointSi 
The first is that in the flocks vvhicli have furnished the statistics here 
dealt with, the rate of prenatal mortality' before the tenth day of in¬ 
cubation has always been low—so low that if differentiat mortality 
within this period is to be adduced as the explanation of the ob¬ 
served sex ratio, it would be necessary to assume that practically' 
every embryo which died within these first ten days was male. A 
theory can only be regarded as highly improbable which demands 
that during any period of life all naturally occurring deaths arc 
of individuals of the same ses, when it is known to be tbq fact 
that in all other periods of life the individuals of the two sexes die 
in numbers roughly proportional to the numbers living of each sex. 

In the second place, it is in the highest degree improbable that 
there is an abrupt change in the mode of incidence of the mortality 
w'sth respect to sex at exactly the tenth day of incubation. Yet 
such an abrupt change would be demanded by any theory which 
makes differential mortality' the explanation of the observed sex 
ratio in the fowl. From the time when the embryo has developed 
sufficiently to make ft possible certainly to distinguish the sexes in 
poultry by macroscopic examination of tlie gonods, we know that 
the mortality is either not differential at all with respect to sex (pre¬ 
natal mortality), or is at most only slightly so (possibly so in post¬ 
natal mortality though the point has not been fully investigated yet). 
In the absence of any evidence favorable to such a view, it could 
only be regarded as a highly improbable speculation to say that in 
the very' earliest stages of embryonic development all deaths are 
males. 

We are justified, I think, in concluding that in the flocks of 
poultry here dealt with, and probably’ in the fowl gcnerallv, that 
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prertatcl fnortatiiy is fwt diff^rmtiai in respect sex, and that wl 
consequence the observed sex r&ih ot birth is substenthlly the same 
as the initial aygatic sex ralio^ 

CONCLL-SION. 

The purpose of this paper b to present dat^ regarding the tionual 
sex ratio in the domestic fowl. The data involves something over 
22,000 chicks. The normal variability in sex ratio is disctissed. it 
is hoped in a later paper to present a further analysis of the sub¬ 
ject dealing with the influence of various internal and external fac¬ 
tors upon the sex ratio. It was expected to ifidiide such discus¬ 
sion in the present paper but for reasons explained at the begituiing 
of the paper this is not now possibly. 


MECHANISM OF 0 \rERGROWTH IN PLANTS, 


Bv ERWIN F* SMITH. 

{Read April JT^ /W-) 

I. iNTSODUCTOfcV". 

For 13 years I have been an eager student of overgtowibs in 
plants, pardy on accDuiit of agrioiltural phases of the problem 
which are ol economic importance but chiefly because they have 
seemed to me to offer a clue which might lead to the solution of 
the greater and very obscure problem of the origin of maiigtiont 
human and animal Inmors, 

For a long time I have believed that the direct cause of these 
plant tumors {of all mnligtymt (umors for that matter) must be 
clieinical substances liberated in the tissues by parasites. It is not 
a far cry to such a view, especially where parasites arc known to 
cause the overgrowth, and no doubt many other persons have held 
the same view and have stated it more or less definitely. 1 ex^ 
pressed it dearly iu 1911 in our first crown gatl bulletin (U^ S* 
Dept, of Agric.p B. P, L, Bui. 213, p. T/S). 

The difficulty has been to determine the nature of these chemical 
substances. This is still unsolved so far as relates to the products 
of galhfonning larva of all kinds, and apparently must so remain 
umil they can be grown in quantity in pure culture so as to give to 
the chemist an abundance of material for his studies. The chemist 
is very greedy of material and wnlhout a great abundance he can 
seldom accomplish much. Various galbforming fungi and bacteria 
offer easier problems because they can be cultivated in ffiisks on 
simple culture media in any desired quantity and their products 
determined with a minimum of labor. 

This, rather than the analysis of tumors, is, I am satisfied, the 
proper methoil of procedure, because the cells of a tumor are only 
the cells of a plant or animal growm under an abnormal stimulus, 
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which stimulus^ ft Is vcr^' likely, is not only vury^ minute in quantity 
but also used up during the growth of the tumor cells, ihut is, 
converted into something quite different and entirely inoffensive. 
I'or this reason analyses of Lumor dsEue should give only ahotil the 
same kind and quantity of products as normal tbsufrs in which 
there is an equally rapid movement of food-stuffs, and in which 
there is an equally rapid growth, and this is about what tumor 
analyses ihu$ far have shown. In flask cultures, on the contrary, 
the products of parasitic growth accumulate and can be locked up 
for future study, 

WTiat I have done, ui addition to speculating, h to grow 
various strains of Bdctcriwni the crown-gal! organism, 

in pure culture in quantity in cotton-plugged Jena glass flasks for 
chemical exam [nation. Being a member of the United Stales De¬ 
partment of Agriculture, the greatest cooperative research institu- 
Uon in the world, it has been easy to come into touch wnth expert 
Organic chemists and through them to have detemhned for me the 
various substances produced by the crown-gall organism ont of 
river water, peptone and grape sugar, i. c., substances correspond¬ 
ing to or approximating those which occur naturally in the cells 
of the plant. These flasks were inoculated with great care and 
watched as to their behavior. Before turning them over to the 
chemist, Petri-dish agar plates ivcre poured from each one to de¬ 
termine whether they were still pure aiUurcs. The analyse were 
then made pari passu with inoculations into susceptible plants to 
determine whether the cultures w*ere still patliogcnic. In this wav 
various flasks were tc^sted and worked up separately, ivith, in the 
main, concordant results. The inoculaied flasks behaved properly^ 
the agar-poured plates yielded uniform nonnablooking colonies, and 
subcultures from colonies derived from each flask were subsequently 
inoctilalcd into plants with the production of crown galls in every 
case except that of the isolation from poplar, which was known to 
be no longer pathogenic when the experiment was begun. All of 
the flasks had rontained pure cultures and were in gootl condition 
lor the chemist, who worked them over quickly. These cultures 
originated from single colonies selected from agar-ponred plates 
made from tumors on hop, Paris daisy, rose and poplar, and repre¬ 
sent at least two strains of the crown-gall organism* 
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II. Chf.mical Findings. 

Slide No. i (Table I.) shows the chemical findings. On this 
slide I have starred the substances ^ivith which I have now pro¬ 
duced overgrowths m plants and have italicized those which Dr. 
Jacques had previously found in his experiments on animal eggs to 
be most effective in causing iinferdLized eggs to b^n to grow,^ 
That there should be so many of these egg-starting substances ex¬ 
creted by a tumoT-pToducing parasite is not only astonishing but 
extremely suggestive. All of them are substances which pass read¬ 
ily through protoplasmic membranes. 


TABLE I. 

SaowisG Pbodccts of Bacterium /infic/anVuj. 


* AtdeliytJ 
Alcohol 


Acetone 

Aeid 

" Fcrmic 

Carbow Add (?) 


I have added carbonic acid of my own accord, since I did not 
ask the chemists to search for it: (i) because the crown-gall 
schizomycete must be very unlike other organisms if it does not 
produce some carbctiic add as the result of its growth, although 
ccitamly not enough is developed to appear in fermentation tubes 
as the gas CO*; (2) because the excess of leaf-green (chlnrophyll 
bodieSp which assimilate CO^) id the decjaer tissue of galk on Paris 
daisy suggests presence of carbonic acid in excess of these tissues; 
and (3) because carbonic acid also is one of those substances found 
by Loeb to stimulate the development of unferdfized eggs. My 
experiments are still under wa)% none of them are really completed, 
and today I will only call your attention to a few of my results, some 
of which have already been published,* while others are here men¬ 
tioned for the first time. I would call attention especially to the 
substances the names of which I have starred as compounds with 
which to exjjeriment singly and combined, and in a great variety 
of dilutions. With each one of these sub^ances, in the absence of 
bacteria^ I have obtained on suitable plants decided overgrovi'ths» 

^Laeb^ Arfifidal Parthendgeneiis and FertilbafiQtii" 1913- 

^Jour. Resoarfh, January ajj, 1917. 
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groiivtbs which I thmfc I am warranted in designating as incipient 
crown galls. The overgrowths I have obtained are small, as was 
to be expected from the application oi a single slight stimulus. 
Thei' do not continue to grow because they arc the response to an 
abnormal outside influence of verj' limited duration, or to put it in 
another way, because there is no parasitic organism back of the 
growth, as m the case of the natural crovra gall, to continually 
stimulatc it by means of its excretions. In this particular, that is 
in the continuous slow introduction of these substances into the 
tissues after the manner of the parasite, I have not yet found it 
possible to imitate nature, but in view of the ovei^owths I have 
obtained by a single slight stimulus it can no ionger be doubted that 
even in the absence of the bacteria the slow continual ooring into 
growing tissues of the dilute adds, alkalies and other substances 
named would produce a crown gall of any size desired. So long 
as the stimulus is applied, and in nature it tvill be applied as long 
as the bacteria are present in the tissues and continue to grow, so 
long the grow ing tissues must respond. 

Before passing I wish once more to call attention to the italicized 
names, and to urge all students, of overgrowths to read Dr. Loeb's 
book, since these tumor-producing substances, as 1 have said, are 
those Dr. Loch has found most a^ctive in starting the development 
of animals out of unfertilized 

We will now pass to slides showing results obtained ivith 
ammonia, dimethylamine, formaldehyde, acetic acid, and formic 
acid (slides exhibited). 

Ill, The Mechanism op Overgrowths. 

We now come to the inquiry embodied in the title of this paper 
■—^tvhat is the mechanism of these overgrowths? Is it a chemtcal 
or physical action? It is plain that the response is due to soluble 
substances poured out, as a result of their mctaliolism, by parasites 
present in the tissues, but given off in such small quantities that 
they act not as a poison hut as a growth-stimulus. That many 
poisons when applied in minute doses do act as stimulants of one 
kind or another is already well known, both in medicine and in 
agriculture. That susijcnsion colloids would be precipitated, pro- 
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ttim split p attd very utarkcd osmotic disturbances set up within 
the mechamsm of the delicately balanced coitoids of the cell upon 
introduction of the^e dilntet noti-plasmolyzing bacterial acids, alkalis 
and other prodnetsp must be apparent to anyone who is at all familiar 
with the colloidal chemistry of the cell I and later, by means of phys¬ 
ical chemistry, wc ought to be able to determine at least some of the 
physical-ch™ical steps in the process of the abnormal cell division 
brought about by these disturbing substances. 

For the present I interpret the growth in crown gad as due 
primarily to a physical cause, viz.^ to an increase in the osmotic 
pressure due to the heaping up locally of various soluble substances 
excreted by the bacteria as a result of ihdr metabolism. This 
would lead to a movement of equalization. Water conlaintng dis¬ 
solved food stufffj would move toward the tumor and the stimulating 
adds and alkalies would move outward so that theoretically the 
strongest tcndetiC)’^ to overgrowth should occur in the periphery of 
the lunior where, as a matter of fact, it does occur, .Also in malig¬ 
nant human tumors the gro'ivlh is peripheral. Why is it periph^raif 
If this hypothesis is correct we ought to be able to delect at least 
a slight difFerence between the concentration of salts m fluids on the 
periphery of a tumor and in the normal tissues just bey'ond it. This, 
1 believe* could be determined best electrically p ahhough, if the 
difference is considerable, the coarser mcthcKi of extraction of 
the juice of tumors and of adjacent sound tissues and determina¬ 
tion whether there is any depression of the freezing [joint in the 
former might yield iniercsting results. One test made for me hy 
Mr, Rodney B. Harvey indicated that there is a oonceritration of 
substances in the juice of daisy tumors, i, there was a lowering of 
the freezing point, hut no thorough study has been made. This I 
contemplate taking up in conj'unqtion with physicists of ihe Depart¬ 
ment of Agriculture. 

The reason I have for thinking the phenomena of plant over¬ 
growth is priiitarily physical is the fact that it can be obtained hy a 
great varietv' of substances not the products of parasites, anylhing 
in fad, which disturbs tissue equilibriums without destroying cells, 
seems to be capable of causing overgrowths, w'hich cease* of course^ 
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as soon as tht stimulus is mthausted. (See Mcchanista of Tumor 
Growth m Crowti Gall, in Jour. Agrie. Research, Jan, 39, iQil?.) 

1 have been asked in what way these overgrowths differ from the 
ordinary healing of wounds. The growth while excessive is prob¬ 
ably not fundamentally different from a wound reaction, but then, 
for that matter, we may regard all tumors as so many efforts at 
healing which come to naught because they arc continually modified 
and frustrated by the presence of a parasite, or in animal cancers, 
let us say, since we do not know their cause, by an abnormal and 
oft repeated stimulus of some sort, most easily explained in the 
absence of exact data by the hj-pothesis of a parasite, especially 
since the same phenomenon in plants can novr be referred to a 
definite microorganism, 

IV. Thb Kind OF Tumor Depends on the Tvpe of Cells 

Stimulated. 

The first crown galls I studied seemed to me to be overgrowths 
of the conjunctive tissues and most of our many Inoculations up 
to the end of 1915 produced that type of tumor which corresponds, 
I believe, to overgrowths of the connective tissue of animals and 
which 1 have called plant sarcomas. 

We had found indeed, as early as 190&-9, and had produced 
by bacterial inoculation, plant tumors bearing roots, but the lull 
meaning of this discovery, as related to cancer, did not occur to me 
until early in 1916^ when I found croAvn^ll tumors hearing leafy 
shoots on some of our inoculated hothouse geraniums. Beginning 
with this discovery I niade numerous inoculations in the leaf axils 
of various plants which resulted in the production of leafy tumors, 
and subsequently I produced them freely on leaves and on cut 
inlcrnodes where no buds occur normally. Tumors bearing roots 
have also been produced by vs on the top oF plants, and in one cut 
tntemo<le of tobacco I succeeded in producing a tumor which bore 
(lower buds. Tliese perishable root-bearing and shoot-bearing 
tumors I regard as plant embryomas and have so described them.* 
These experiments render it probable that every growing organ 
April, 1916,^ p. 241. 
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noiroallv contains multipotcnt or totipotent cells which usually 
retnain dormant, bnt which under a strong stimulus arc capable of 
developing into either the whole organism or into some considerabl* 
part of it, whal is developed out of them depending on the degree 
of differentiation of the cells at the time thty are stimulated. We 
may regard these leafy shoots (produced sometimes in great num¬ 
bers where no buds occur normally) either as going to sho\v thafc 
potentially there is no difference lietw'een germ-cells and young 
somatic cells, or dse that dormaut ‘'germ-cells'* are w^idelv and 
abutidantty distributed among the somatic cells* ready to develop 
into the whole or a considerable part of the organism whenever a 
sufficient stimulus is applied Those who wish further details re^ 
spccting these recently produced and peculiar crown galls contain¬ 
ing fragments of the emhrj^o plant are referred to a special paper 
on the subject in the Bulletin of the Johns Hopkins Hospital *" for 
September, 1917, 

V. BcARTNt^s or These DisoovEKtES. 

That these discoveries have many interesting bearings goes with¬ 
out argument. Some of these bearings may be mentioned: 

(fl) On the origin of insect, nematode and fungous galls; 

(If) On the fomiation of thy loses in vessels; 

(c> On the origin, through absorbed poisons, of certain plant 
diseases who^^e etiology is very obscure, such as peach yellows, 
peach rosette, and the various mosaic diseases; 

(rf) On the origin, in the same way, of various plant and animal 
monstrosities; 

(c) On ^'arious problems sf modification by slight clianges in 
environment; 

(/) On possibilit)^ of normal wide distiibuticfu of dormant 
germ-cclls among somatic cells; 

(^1 And* finally r on the ctiolog)' of various human and animal 
tumors. 

VL Earlier Wo^k akd Reasons Why it Remained Sterile. 

I must here refer to some earlier work which rernained sterile 
so far as any influence on tumor etiology is concerned (o) because 
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done under the idea that tumors are due to the existence of specific 
overgrowth stiintili: {b) because done with substances which could 
by no possibilit}'^ be conceived to.be the product of parasites; and 
still more (c) because the experiments fell on stony groundp that 
is into the unrceeplive minds of a geticration of pathologists pre¬ 
occupied with quite other ideas and generalisations respecting tumor 
growth. 

I refer more particulariy to Dr. Hermann von Schrenk's papers 
(1905 and ^905) OR intumescences in cauliflower plants dm to 
copper salts,^ and to Dr. Bernhard Fischer's paper on overgrowths 
of ejiithelium due to the injection of scarlet red and indophenol into 
rabbity's ears.® 

Fischer's paper in particular pointed the way clearly toward 
the solution of the cancer probi™, but it w-as received very coldly 
md he became discouraged, and no one else took up the suggested 
clue. 

What Fischer obtained was downgrowths of e|uthelium into 
the connective tissue, strildngly suggestive of epithelioma, but, be¬ 
cause these invachng epithelial cells subsequently ceased to grow, 
w'ilh disappearance of the stimulus^ and were finally absorbed, 
as one might reasonably have predicted wrould be the case, they 
were held to throw no tight on the cancer problem; bat if spec¬ 
ialists had then assumed that quite other substantres than scarlet 
red and indophenol can cause overgrow'ths, as we noiv know% and 
that some of the substance may be the products of the tumor-pro¬ 
ducing parasites, as also %ve now know, how suddenly luminous the 
whole subject would have become and what an incentive it would 
have given, and still givi^s^ to further research! 

*See Report of Mk^ourl Botanical Garden^ 1905^ p. 12^. 

* Muenchner ni«l. WDchen&chrift, igo 6 , p. 5041. 


RECURRENT TETR-MIEDRAL DEFORMATIONS AND 
INTERCONTINENTAL TORSIONS. 

Br B. K. EtifERSON. 
iRfcehfd iloy S, 

Starting a long time ago to write a review of a very interesting 
and remarkable book I have woven so much of my own musings w’ith 
the text that I may not well put upon the author the responsibili^ 
therefor. 

The book in question is “ Die Entwickclung der Kontioente und 
Ihcre Lcbewelt. Ein Beitrag zor Vergleichcnden Erdgeschichte i 
von Dr. Theodor Arldt, Oberlehrer an der ReaUchule in Radeberg, 
mit 17 Figuren und 23 Karten.” Leipzig. Wilhelm Engelmann. 
1907. 729 pp.i large 8®. It is a ponderous volume comparable to 
Waliher's “ Einleitung'' or Suess' "AntUtz der Erde,” but more 
systematiaed, and condensed to the limit; so that an exceedingly 
great amount of painstaking and acute research, co'Vering many 
diverse fields, is brought into remarkably small compass. 

Just two thirds of the book is devoted to a biogeography of the 
past and the present- After chapters on method comes a general 
survev' of the distribution of plants and animals in the present and 
Cenozoic, in the Mesozoic and iti the Palcoioic, with discussions of 
their evolution and many Statnnibaumeto summaLrizc this evo¬ 
lution. 

The principal purpose of the study is to get all the tight ivhich 
the distribution and probable migrations of the different classes of 
animals and plants can throw upon the evolution of the continents. 
A first chapter takes a position adverse to the so-called "permanence 
of the continents." Only certain large portions of the great ocean 
seem to have been permanent. 

This section is illustrated by a lull and clear chart of the bio¬ 
logical provinces and r^'ons and five charts which show the migra¬ 
tions of the families of the vertebrates, and ends with two valuable 
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paleontological chapters ’which give ihc first appearance and duration 
of each of the large groups of plants and animals. In these tables 
the part of the earth's history before the h^innrng of life is asstinied 
to be to the part since as 5 to 3. 

The second or geological section of the book begins with a con¬ 
densed systematic discussion of the geological data for the deter¬ 
mination of the outlines of the former continents and a comparison 
of these data with those deri’ved from the distribution of animals. 

These sections take up the brger part of the volume and then 
four short chapters on Ice periods; times of volcanic activity; moun¬ 
tain formation, and transgressions prepare for the central idea of 
the book", viz.: the statement in tabular form of the cycles of the 
evolution of the earth slS given below and the explanation of the 
same as due to a succession of tetrahedral deformations, producing 
brood elevated continents and small oceans ; and spherical recoveries^ 
causing broad transgressions of the ocean with low lanife. 

To his ta.ble of the geological cycles here presented I have added 
the statements regarding the changing carbonic acid content in the 
air, and the changes in dimate and evolution, drawn largely from 
the papers of Chamberlin which are cited below. 


The author accepts the tetrahedral deformation of the earth as 
the basis of the explanation of these cycles, 

^ The lawr of least action, he expbins, demands that the somewhat 
ngid crustal portion of the earth keep in contact with the lessening 
interior with the least possible readjustment of its surface. As a 
tube collapses into a triangular prism a shrinking sphere tends bv 
the law of least action in collapse into a tetrahedron, or a tetra- 
hedroid. a sphere marked by four equal and equidistant triangular 
projKtions: and the earth with its three about equal and equidistant 
double continental masses triangular southward with three intervening 
depressed oceans triangular northward, its northern ocean and south¬ 
ern continent, with land every where antipodal to water, realizes the 
ctrahcdroid status remarkably. When repeatedly in former geo- 
logical ages ocean waters separated Europe and Asia, the agreement 
with hypothesis was still more marked. Gravity observations and 
geodetic measurements agree therc^vith. even giving for Asia a 
l^gcr tetrahedroid surface than for Europe, and many other geo¬ 
logical homologies point in the same direction. ^ 


TAULte Geological Cvajts, 
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Tht of figure of the forming tctrahedroid ehanccd not to 
coincide with the axis of rotation and the latter gradually shifted 
from near Behring Straits to its present position, which is one of 
stable rotadonai equilibrium. This happened in pre-cambrian time. 

At this point comes the interesting novelty in the tetrahedral 
theory. The development of the tetrahedral form from shrinkage 
would proceed but a little way when rotation would tend to repro¬ 
duce the spheroidal forrn. The tetrahedmid ^hape would be pushed 
beyond the strength of the maicrial and collapse would cnsuei with 
reassutn|>tion of a more spherical form. In a long period of rest 
the crust would be recemented and strengthened and the continued 
escape of heat would then tend to develop the tetrahedroid again 
and rotation would again restore the spheroid. 

This is brought into connection mth the six great geologic cycles 
as follows ‘ The solidified crust bccotnes by interior shrinking slightly 
tetrahedral. This involves elevation w^ith glacial conditions, large 
continents^ inner crustal tensions, foldings, Assuring, mountain- 
making and outpouring of laira. Through this Assuring the crust 
becomes weakened, the tangential force of rotation becomes pre¬ 
dominant, restoring the srphemid; great transgressions of the oceans 
then intervene while mountain-making and volcanic activity approach 
a mini mum. In the relatively long time of submergence and quiet 
the faults and fissures are sealed up by the circulating waters and 
the earth becomes again rigid enough to permit the oncoming of a 
second period of tetrahedral deformation. The oceans are deepened 
and contractedr continents elevated and enlarged with mountain- 
making and this becomes again the cause of a glacial period and vol¬ 
canic activity* This cycle is several times repeated. 

We are now In a period of deformation^ as is shown by the 
marked tetrahedral features of the earth, the sinking of the Pacific 
coral region, the abundant volcanic and earthquake activity and the 
just passed glacial period. 

The author assumes the nebular hypothesis and Arrhenius's 
theory of the condensed-gaseous condition of the earth's interioTp 
and noting the unimportance of the present equator for the structure 
of the earth, and the great importance of the band going through 
the three Mediterraneans: that is, the Mediterranean and the East 
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and Wft5t Indian Seas, he assumes that the equator once went 
parallel with this band and about lo^ south of it, with the north pole 
at Behrin^*$ Straits and the axis at right angles to the ediptit. Then 
a band on either side of this equator induding *”the lone of the 
inicrcontmcntal seas or of the above three ^lediterraueans, because 
of the powerful tidal influence in the early ages, would be a zone of 
distortion and rupturing during the crust-fonning period and of 
weakness since. This is Lowthian Green's twinning pLmcA The 
author follows Gteen also in assuming that in addition to this 
equatorial flood-tidal fracture zone and at right angles to it would 
run a meridional ebb-tidal fracture louCp which would pass through 
the two points where the old and new equators bisect each other and 
would be the nieridiao bordering the Pacific and including Australia 
and Antarctica. 

This equatorial fracture zone he takes to explain the Mediter¬ 
ranean zone and the transverse fracture zone to explain the per¬ 
manence of the Pacific. 

For the establishment of this position he cites that part of the 
reviewer's article on the tetrahedral earth* w^here Green's theory i$ 
explained at length but not accepted^ The later postulate of the 
author that the earth has many times taken the tetrahedral form, 
collapscdp and becouie ^in so rigid that it could again suffer tetra¬ 
hedral deformation would seem to militate against a continuous in¬ 
heritance of weakness in this region. 

The zone of fissurlng remained a plane of weakness and the 
greater ekvation of the northward parts of the three triangular land 
masses or coigns, or “shields"' bringing them to move m a longer 
circle and so to lag behind, caused a westw^ard torsional motion of 
these three portions of the coigns as compared with the parts south 
of the aforesaid zone. 

The author accepts the suggestion first made by the reviewer* 
that the depressed ocean bottoms brought by sinking to move along 
shorter radii must exert pressure against the urest sides of the con- 
Lothian Green, " Vesdfies of a Molten Gloi^e;' Honnlulu, Pt. 

tip 

s"Thc TetmhetJral Earth and the Zone cm the Intercontinental Seas/" 
Pres. Add., BuL Gto. Ser. of Anu. VoL 11., 

* Loc, dt, p. ds. 
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tiRents, and makes it the of his classihcation of mountaiRs and 
of his expbnation of the chains around the Pacific, 

He follows Reyer and Sucss b explaining the chains of southern 
Asia as "Abflmsbogen," outflow chains due to fiowage down a 
slope from the elcs^ated coign or shield of “Angara land” or Man¬ 
churia. The festoon chains along the east of Asia are “Zerrungs- 
bogen,” dragged chains due to the separation of ocean bottom and 
land because of the eastward drag caused by the depression of the 
ocean bottom and its differential eastward motion. These terms are 
discussed later in this paper. 

Andes and Cordillera are “ Stauungsbogen ” heaped up chains ” 
caused by eastward pressure of the sunken Pacific ocean bottom and 
this pressure is transferred eastward to cause the eastward curving 
Antilles and the submerged South Georgean eastward curve south 
of South America. 

The sinking of the Caribbean is an accessory cause of the An¬ 
tilles and the sinking of the Mediterranean the sole cause of the 
chains from Alps to Caucasus. 

It is very interesting that the hypothesis of a tetrahedral earth 
can be thus utilized b the fundamental explanations of the past 
conditions of the earth and this may be said to add to the arguments 
b favor of the hypothesis. 

Wholly novel is the suggestion that tetrahedroid may have alter¬ 
nated repeatedly with the spheroid. The earth is thus a composite 

photograph of several tetrahedra, as indicated in the title of this 
paper. 


In the following the reviewer presents (1)3 different explana¬ 
tion of the chains in the Mediterranean zone as due to northward 
flow (rather than to thmst from the sinking of the Mediterranean), 
an explanation which was advanced In his presidential address, and 
(5) a new exposition of the torsional movements which differs from 

the book here reviewed as well as from the above-cited article of 
the reviewer^ 


TsiE ToEisEONAL Movements. 

The vepr lucid map of the book showing the tetrahedral de¬ 
formation IS here reproduced (Fig. i) and the reviewer has added 
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arrows al equidistant points on the niap, in order to nwkc clear the 
following explanation* 

Lrnder the first arrow, Europe^Africa has not suffered torsion 
and rc^in*s, as Green’s niap shows, closely occupying the place of 
the original tetrahedral elevation. There has been no torsional 
motion between Europe and Africa, because of the small siase of the 
former and the large siaeof the latterand the parallel relations of the 



Fio, [. Map shoKTin^ ifie tcrrahe^lral 


otd and nuw equators. Unrkrnealh the second arrow is Australia 
and since the whole of wesEeni Atutralia Is unfolded Archrean this 
meridian may represent the original and symmetrical position of the 
second tetrahedral elevation, and its north part (Asia) being ab¬ 
normally large has lagged westwardly, until in its last posillon Jt 
coalesces with Europe. The map shows by a dotted line the de- 
pressed area north of the Caspian—the former northward extension 
of the Indian Ocean. 

The next arrow shows that North America is in or near its true 
tetrahedral position, while South America has drifted eastward, due 
to its lesser elevation and the excessive eastward thrust of the except 
tionally broad South Pacific sea bottom, which was an abnormally 
large depression from the beginning. Thus the largest elevated land 
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mass has madfi the only lag, the antipodal largest depressed area has 
made the only advance. This lessens by one third the amount of 
torsional movement heretofore assumed in the hypothesis and locates 
it differently, 

Africa is thus the torpid center of the earth in this sense and not 
in the more adventurous dream of Sacco,* that it is the inert center 
from which the continents have drifted away in great ffoes as a 
recoil when the Moon w'as tom from the bed of the Pacific, an event 
probably never seen by any “ glimpse through the corridors of time*" 

I wrill not suppress the fanciful suggestion that if Angara land— 
the Asian nucleus, or Manchurian shield—was formed (with Aus* 
tralia as its southern apex) and then drifted westward, in a later 
deformation Angara land in its new position may have grown south¬ 
ward, prcHiuctng the triangular peninsula of India, which is a dwarf 
Africa, in shape a true south apex of a tetrahedral coign. 

The reviewer has elsewhere suggested that the westward move¬ 
ment of these old lands, to wit, Asia, and in lesser degree North 
America, may have been not wholly a slipping on some deep plastic 
layer but rather in part an advance by the crumbling down of 
eastern parts of these shields and upfolding of western parts. 

This may explain why Angara land lies on the eastern part of 
Asia and the Canadian shield on the eastern part of America and 
connect with the disappearance of an old land east of our Atlantic 
coast-line. This westward advance of the Asiatic mass may explain 
the great westward faulting around Angara land, especially along 
its western border. 

An inspection of the map shows broad bands of land submerged 
slightly, which extend on curved lines southeasterly from the three 
south apices to the Antarctic continent. This suggests a westward 
torsion of the three coigns as wholes on the Antarctic continent in¬ 
dependent of the differential movements of the parts among them¬ 
selves, but dependent on their varying size and distance from the 
space. As favored by Reyer and Sucss the abnormal elevation of 
Angara Land might furnish a low slope down which a superficial 
layer could slide, the shear being lessened by internal heat or the 
moisture of strata ne\vly risen from the sea, and aided by tidal 
* Lcj LoIj fondamtntsiks d« rorqgcnie dc la Terre." 
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strains and earthquakes, thus fonnin^ the festoon of outward- 
curving chains along the cast coast of Asia, Their curved out¬ 
spreading fronts greatly resembie the curving frontal lobes of a 
continental glacier. In sevcriil of these curves the rearland sunken 
blocks are wanting and this rearland sinking can best be explained, 
when it occurs, as a subsequent result of the stretching and not as 
a cause of the maun tain building. 

Angara Land by its great and elevated mass developed these 
eastward-curving chains along its east border, aided by the deep 
sinking and the eastward tendency of the Pacific bottom, and by 
its westward lagging motion it brought its south border opposite the 
deep Indian ocean bottom and made this the slope for the south¬ 
ward-curving south Asian chains, and left the north border of 
Australia facing the deep Pacific, thus making the northward slope 
for the great northward curves of Oceanica. At the junction of 
these three bands is the great virgation of southern Asia emphasized 
by the three strange four-toed fault-bordered* islands, Borneo, Cele¬ 
bes, and Gilolo. 

It is the home of the tornado, the earthquake and of the great 
lines of volcanoes like Krakatoa and Tomboro, It is the “ Knoten 
Punkt” of the earth for all natural phenomena, where plant and 
animal life reach their most remarkable culmination and face 
other in the most remarkable contrasts across Wallace's line. 

In the same way the eastward movenicnt of South America 
enabled it to present its north shore to the deepest Atlantic and 
formed the slope for the northward movement of the northward 
curving Antilles while the compression of the great Pacific and the 
small size of North America was sufficient to prevent the formation 
of southward-moving curves in North America like the Himalayas 
in Asia. 

Thu Northwaud Flow or tee South Eueoi’eak Chains 

The south Asian chains flow south as long as the Indian Ocean 
depression is before them and Angara Land behind them, but long 
before they come near the infliieiice of the Mediteiranean all the 
great chains bctwccti the Caucasus and the Pyrenees turn and flow 

“ Hans v\ Zrii, D^utich. Crr^ Gtsdi, 1911, p. 180, 

moc. AUEK. 50C.. VOU LVl. DD. AIXVSI J, lpl7* 


454 EMERSON—RECURRENT TETRAHEDRAL DEFORMATIONS, 


nortb aA\‘ay from the great mass of Arabia-Africa, Later sinking 
has occurred in part of the rearlanc] and that these sinkings were 
later is shown because they have often included parts of the chains 
themselves as in the Crimea, These sinkings could not then be the 
cause of the chains, Indeetl, in the /l^can also they arc known to 
be much more recent than the chains. The land moved northward 
in many divaricating folds, with enormous ovcrihrusts far beyond 
the competency of the sinking Alediterrancan even in the most 
favorable sections. The abnormally small size of the European 
nucleus aided tn this formation of the slope on which these wrinkles 
could form and move northwardly in great overlaps which have 
been the speeial study of Swiss and French geologists for many 
years. 


WTiilc the depression of the Pacific by combining extensive 
wedge action and eastward momentum from the sinking seems to be 
a vera causa for the Andes and Cordillera, this is not possible for 
the sinking of the Mediterranean where the force acting north* 
wardly, the rotational effect of the earth is wanting, and so there is 
no momentum, and being much smaller the wedge effect would be 
insufficient to make the enormous overthrusting of the Alps, More* 
over the chains go west across Spain and east across Asia Minor, 
extending in great loops northward far beyond the influence of the 
sunken blocks of the Mediterranean and Black Sea. The great 
virgatton of the Alps and the sigmoid curves of Spain, the Car¬ 
pathians and Balkans suggest a movement far north into narrowing 
latitudes which crumpled the curves, while the Mma chains moving 
m the opposite direction in an expanding area deploy flow*iike as 
does a glacier moving out on a plain. These chains from Spain to 
the Caucasus he along the crest and northern slope of the old equa* 
tonal protuberance and when the equator was transferred south to 
Its present position this projection was unsupported and sunk, flow¬ 
ing dowm northwardly in great convex loops. The slow southward 
ti^sfcr of the equatorial protuberance dependent on the movement 
or the pole prevented corresponding southward-moving chains ex¬ 
cept perhaps ,n the case of the Atlas range, or perhaps htn the 
mking of the Mediterranean may have been effecHve. If the 
transfer of the equator be found indefensible the mass of Africa 
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itself may have been raised abnormally like Land to form 

the similar slope down which the northward sliding occurred, 

l^c three intercontinental seas are not all alike, but the true 
Mediterranean is contrasted with the Caribbean and East Indian 
areas. 

The two latter are placed on the borders of the Pacific at the 
points where the old and neiv equators intersect near the Galapagos 
Islands and Sumatra (see the map), and the former where the 
equators are most widely separated. In the tivo the east-west tor¬ 
sions have moved the continental segments most apart, so that moun¬ 
tain curs^es could flow north toward the equatorial depths to form 
their curved mountain boundaries, and their three deep depressions. 

The classical Mediterranean has mountain chains which liave 
moved not toward oceanic depths but toward the continental center, 
and it is placed directly opposite to the center of the Pacific, while 
the other two are where both equators intersect the volcanic border 
of the Pacific. By an unexplained coincidence it has three deeps 
like the others. 

The Mediterranean has been the center of civilisation. The 
other two have been rather the opposite, more centers of seismic and 
of cyclone activitj^ and the United Stateis has unfortunately acquired 
foothold in both. 

The Mediterranean zone has always been a more continuous 
ocean (the Tethys of Suess) in tmns^cssion periods than in tetra¬ 
hedral periods, therefore it has been many times built up aod de¬ 
stroyed. Therefore its being maintainied as equator till the Tertiary 
has made these cycles possible. 

The Mr<^AtioN of the Poles 

This transfer of the pole and equator to the new position, in 
whole or in part, in the late Tertiary agrees with the independent 
suggestions of many botanists and zoologists in explanation of the 
Tertiary and modem distribnlioii of plants and animals. 

Arldt rejects this Tertiary deformation and places ihc transfer 
of the pole in the Archaean^ because it would, he believes,, have been 
attended by more enormous mass movements even than those of the 
Tertiary. He is disiciissmg the matter from the standpoint of the 
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Kant-Laptace hypothtsis j and the hypothesis of Arrhenius (which 
was independently deduced by Arldt) of an interior of highly com- 
prunated and heated gas essentially a solid of great densily and 
elasticity, and yet the stupendous movements of the Mediterranean 
zone and of the Pacific zone of lire in tlie Miocene seem sufficiently 
great to meet the demand even of this radical hypothesis. 

With the evidence at hand interpreted in accord with the plaai- 
lesimal hypothesis it is hard to estimate the relative importanee of 
the three great revolutions, the pre-Cambrian, the Permian, and the 
Pleistocene. It seems probable that they increased in intensity. 
Would not the letrahedroid be realized in larger and larger degree 
as the mass Increased and solidified, and be antagonized less quick Iv 
and efficiently by the spheroidal tendent^' as rotation became slower ? 
Are wc not now passing slowly out of an intense glacial period? 

Again would the present equator be so unimportant geologically 
if it had been with all its tidal strain where it is now*, since the early 
Archsean? 

The geological map of the earth shows many contrasts and har- 
tnonies dependent On this mode of origin. 


Africa is the torpid continent with iw border folded mountain 
chains becanse it met the average tetrahedral conditions with the 
minimum of resistance. 

South America and Australia are balanced in relation to the two 
similar Mediterraneans, each with a large unfolded Archasan area 
facing Africa and one folded mountain chain farthest frOm Africa. 
Th^e chains are. however, of unlike origin and character, the Aus¬ 
tralian an outflow chain of the .Asian festoon type j the South Amer¬ 
ican a compression chain of the Cordillcran type. This is because 
the broad abnormally depressed Pacific is the predominant factor 

acting with compression against South America and with tension 
from .Australia. 

North America Is the normal continent, with tivo bordering 
mountain chains. In the Permian upfolding the Appalachians 
west from an elevation east of the present coast, of which 
ffierc IS evidence in the strata, as the beds mainly grow co.rrser 

plinc »„d mrv,nE (itourad) ,vhOT tbty mot ,n o(d land !n the 
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Adirondacksp and dying out in famt \raves against the flat unfolded 
foreJands to the southwest. The Atlantic is specially bordered by 
Rias CoastSp Indi eating sinking. The Cordillera on the west were 
caused by the tangential thrust of the sunken broad Pacific. 

Europe Is a dwarf continem. h began with the formation of 
the Urals in the east like the Appalachian, but stands in relation to 
the unique Meditetraneanp and is abnormally overthrusi from the 
south with a minimum addition to its area. 

Asia is a giant continent in size and shows a fna.xJrnujn of motion 
and of outflowing mountain chaios^ 

India Is a dwarf counterpart of Africa. They both have the con¬ 
tinental notch on the west, and a big island off to the southeast^ but 
the volcanic area is on the west in India^ while it is on the cast in 
Africa. 

Attention is called to the consideration that the tetrahedral hv- 
pothesis does not stand or fall with the hypothesis of the suggested 
movement of the poles. The flattening at the poles and bulging in 
the lower latitudes i$ fayoTable to such movement, and if this tetra¬ 
hedral configuration has been repeated the movement of the pole 
may be cumulative. It is recognized that the amount 2 z° is beyond 
the maximum motion of 15” suggested by G* H, Darwin as posstblep 
and yet the argument of Green does not seem to me to have been 
completely met and the “ zone of the intercontinental seas seems to 
plead strongly for such a movement. 

DanvJn's paper has been quoted recently as prmnng nia the¬ 
matically that migrations of the pole sufficiently great to be of 
geological importance have not occurred. What Darwin really said 
is this^ "We have thus clearly a state of things in which the pole 
may wander indefiniteiy from its original position.” By a succession 
of considerable changes it might migrate in a desious way some 10" 
or 15“ from its geographical position at consolidation. He then 
goes on to make the supposition by way of illustration and as if it 
were a possible case that in the glacial period the north pole stood 
where Greenland now stands. He goes cut to say: " This would re¬ 
quire extensive and numerous deformations and if the continents 
are assumed to be permanent would it not be almc^st necessary to 
give up any hypothesis which involved a z>i^ry n^ide excursion of the 
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polts?” This would rule out pendulations of the north pole into 
the present southern hemisphere and back again, but need not be 
called a mathematical proof that the pole may not have moved in 
wveral stages 15*—ao* from a point north of Behring’s Straits to 
its present position* But even this is not absolutely necessary be¬ 
cause we may make the assumption that the Pleistocene tetrahedral 
deformation was so irregular that the southern half of one lobe 
(Africa) was so abnormally raised that the Alpine chains flowed 
north to partly submerge Europe and when the collapse came the 
sinkings caused the three-lobcd Mediterranean and the Black Sea, 
as the China seas were formed. 


In accordance with the idea of multiple working hypotheses w'e 
may examine and compart the other current theories concerning the 
genesis of eontinents, and see if any reason exists why the tetra¬ 
hedral tendency may not coexist with all other agencies of defor¬ 
mation and sometimes partially control the result. 

See postulates a thrust from the suboceanic area against or be¬ 
neath the continental areas, getting the force from oceanic leakage 
by which abundant sea w^ter penetrating the subcnisted lava froths 
It so that, expanding, it is thrust beneath the coastal border and 
raises it in mountain chains. It is difficult to understand why, if 
the sea bottom cracks, and water penetrates to the deep-seated lavas, 
the expansive force should not relieve itself through the fissured 
area whence the waters come, rather than propagate itself manv 
hundred miles beneath coastal areas and form itdand mountnin 


From the deflection of the pendulum at the various stations of 
observation m the United States Heyford concludes that ” isostatic 
compensauoii" in a superficial earth sheU about seventy-one 
mtks thn*, so that a short suboceanic vertical section is of equal 
weight with a long continetilal one of the same base. If unloading 
by erosion takes place, the unloaded area will expand because dc- 
cr^se of pressure favors those chemical and solution changes which 
increase bulk, and vice versa the loaded area will contract because 


EMEESOK—recurrent TETRAHEDRAL DEFORMATIONS, 459 


which decrease bulk and increase density. Thus equilibrium 
will be destroyed without producing a common kvd, and a slow' 
surface creep of the lighter and higher land areas toward the sea 
will ensue« and as a result beneath this surface creep a great stow 
undertow from the ocean areas tow^ard the continents. The under- 
tow’ being attached continuously to the surface stratap and the two 
moving in opposite directions, there must be shearing betAveen them 
or crumpling of the surface layers* which ate free to relieve part of 
the tension by folding. Therefore the mountain chains are a short 
distance inside the continental borders and parallel to them. 

Willis accepts essentially the condusioiis of Hey ford* but utilizes 
exclusively the lower layer underthrust from the oceanic areas. He 
speaks of a “ suboccanie spread/" r, r,, the expansion of suboceanic 
masses within the upper hundred miles of the crust in consequence 
of the efficiency of stresses due to greater density' to direct move¬ 
ments occasioned primarily by molecular or mass changes under 
var)‘ing temperature and pressure/" 

Much is made of the idea of great areas of liabitual elevation 
and depression. These must be subordinate to the great persistent 
continental elevations and oceanic depressions. 

Tlae rh>ibmicality is explained by the unproved consensus in the 
rhythm of several causes none of which are showm to be rhythmical." 

The special tendency to collapse when the centers of the coigns 
rise too high would explain the central seas on the three shields* as 
the Baltic and Hudson"s Bay. It is interesting in this connection that 
Heyford declares^ the earth to be a failing body. He reconciles tins 
inward thrust with Sucss's idea that the Asian chains flowed sea- 
Tvard by saying that the thrust of the ocean bed beneath the coastal 
parts of the continents would produce the same effect as an outward 
superficial motion of the land. 

“Gondwann land/^ he says, "‘has been carried north with the 
deep underflow”" which passed beneath and w'rinkled up the Hima¬ 
laya- But Gondw ana land is a rising and thus a lighter area against 
which the flow should have impinged and formed mountains on its 

""Asia," I L 130. 

^ Heyford^ ** Geodetic Evidence ci Isostacj-/' Fr&c. Wask^ Acad.^ Vltl:, 
36-^ T906. 

■ Loc* rit* p. 133. 
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south, or if Gondwana land is carried north with the deep underflow 

Angara land should be carried forward also by the larger PadJic 
flow. 

This underthmst would hardly produce the glacierdike lubit^ of 
the Asian chains so characteristic of the outfiow of icc, and would 
not explain the northward overthrust of the mcruntains across 
Euro^ from the Pamir to the Pyrenees, where the oceanic area is 
wanting and the thrust must have come from Arabia and Africa. 
It does not explain the contrast between the festooned Asian chains 
and the straight American coasts, nor all the complexity of the zone 
of th(j intercontinental seas. 

Such a band thrust far under the continental mass most have Iiad 
behind it an enormous force to overcome the resistance to shear 
(which may have approached the breaking strength of the rocks) 
over all its broad upper and under surfaces and have surplus force 
to upfold the many festooned mountain chains of Asia. Indeed this 
su^Mnic spread occupying the greater portion of the hundred 
miles in d^th would have caused vertical elevation of tlie sea bottom, 
msicad of being transmitted so far inland beneath so small a load. 

e may contrast with this the superficial movement down a slope 
having shear only on an under surface softened b)- an inlemal heat. 
This sliding might be carried down a vciy low sloiie, solicited as it 
were, by the constant stresses of the earth tides and occasional earths 

quake vibrations, especially in soft and water-soaked strata recently 
ettierged from the ^ 

ith the tetrahedral hypothesis, since an elevation of the central con- 
seated “"‘1 hinder the deep- 

It would seem, however, that for the formation of the earth's 
brgest features much deeper portions of the earth would be con¬ 
cerned than are involved in the compensations of isostacy ► 

Heyward bi^es h.s theory upon tlie observed fact of isostacy but 
this fact Itself is still sub judice. >«)siacy out 

Because of the heatgradient we may assume the eeiiivo.,st, 

» now ^ oomp,«,io„ 

s« Chamberlin imd Salisbury, "Geolesy." p. 55 ^. 
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hea^incr than iron^ and from its way of coiiducdni^ earthquake waves^ 
more rigid than sled, and with rijidity incr^sirtg centcnvard. 

We may accept it as highly probable that a condition of ap¬ 
proximate isostacy exists over the area of the United States, with 
compensation of the lighter land and deeper adjacent sea areas 
within perhaps one hundred mile^ of the surface,** It, howeverg 
remains to be proved whether this is true of other continents or a 
constant condition of any continent. This must be reconciled with 
the existence of long periods of penepbnation tvhen the base-leveled 
surface is not raised as the load is removed but often submerged 
beneath the ^vaters of a transgressing sea. 

The theory of isostacy must also meet the fact tliat the lavas of 
midoceanic regions arc nowhere ultrabasiCt but rather intermediate 
between basic and subacid^ They range from rare nepheline basalts 
(SiO* 39^ sp, gr. 2,9) to rhyolite (StOj 76, sp. gr. 2,4). The average 
is basalt and andesite (StO^ 53, FeO = 3o, su. gr, 27-2.95). While 
all the masses of tGrreslrial motallic iron» the diamontiferous Dlivine 
rocks (sp, gr, 3i2“3,5)^ the greatest acaimulations of magnetite, the 
greatest areas of heavy norites with titanic iron borders^' are 
found in the old highlands. 

The diamond-bearing rocks would seem to have come from great 
depths which could furnish great pressures, unless the Ovifak irons 
and the diamond-bearing Vaalite are planetesimals. 

The postulates of the pLmetcsimal hypothesis are distinctly 
favorable to the tetrahedral hypothesis. Tlic possible conscderable 
irregularity in the accumulation of the matter would supply a needed 
condition for any such deformation and especially for a deformation 
into a somewhat irregular and one-sided tetnibedroid. 

The storage of outgoing heat in an outer shell which should pro¬ 
mote the formation of a plastic stratum along which flo^v could take 
place ivould be an additional favorable couditign.*^ 

It is quite possible that the planetesimal hypothesis may be found 
to supplement rather than supplant the nebular hypothesis. 

The impact hypothesis, suggested by the great multitude of 

F. Htyfgrd, “ Flfiure of Eirlii and Isostacj'," Coast Sun^ey, 1909, 

” Diamberlm, ^^Geolo^" p. 
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spiral nebulae comes a welcome antecedent to either hypothesis, 
EPid permits a ^reat latitude in the anioimt of heat and volatilization 
which may be assumed as the result of a given collision. 

At one extreme the con dh Eons postulated hy the usual plane- 
tesimal hypothesis may prevail: at the other with a maximum of 
volatilization conditions approaching the older theory may he pres- 
ent| a momentum derived from nebidar contraction adding itself to 
and modifying that caused by impact^ so that in most favorable cases 
even rings either temporaty or permanent might be formed^ We 
can perhaps follow a sateiLite formed by the condensation of such 
incandescent matter mixed with solid fragments in greater or less 
quantity through to the present probable cotidition of the earth or 
other planetS:, more easily than one made tip of a cold and heteroge¬ 
neous mass of discrete planetestmals j and equally weU or better 
imagine it to assume In some degree the tetrahedral form^ 

Chamberlin presents the calculation that shrinkage stresses of 
the whole globe would support domed elevations on the earth only 
eight miles high, but this is on the assumption that the earth material 
is " firm crystalline rock/'^^ But the crushing strength of the deep- 
seated earth material should be taken as that of the steel dies of the 
crushing machine rather than that of brittle rock (or indeed twice 
that of steel as deduced from the rapidity of earthquake transmis¬ 
sion), which would give a value for this elevation of the proper 
order for even more than the continental protuherances. Indeed 
Chamberlin in the same page seems almost to have contemplated 
the very rhythmical mechanism we have assumed when he says: 
"*It is as if the shrinkage stresses accumulated to the full strength 
of the stress-resisting power of the whole sphere and then col¬ 
lapsed." 

There are good grounds to believe with Chamberlin^" that the 
greater earth movements affect all quarters of the globe together^ 
that they are periodic and that the ** ocean basins become pro¬ 
gressively deeper and more capacious, while the protuberances be¬ 
come more protuberant,” that ** in the process of periodic adjustment 
of the earth to its internal stresses, portions of the crust are thrust 
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up to heights notably above the plane of isostatic equilibrium;, and 
that these portions gradually settle back toward equilibrium.”^* 
That the conditions prerequisite to baselevelling involve a high 
degree of stability through a long i>eriod of dmc.” The great base- 
levellings and the great 3 ^ transgressions which are little more than 
alternative expressions for the same tiling have as their fundamental 
assumption a sufEcient stability of the surface to permit bascleveiling 
to accomplish its ends. 

Chamberlin state 3 these stages as (l) That of climacteric base- 
levelling and sea transgression favoring the expansiona! evolution 
of shallow water life and wide migrations and comminglings leading 
to cosmopolitan faunas^ 

( 2 } The stages of retreat which are the first stages of diastrophic 
movement after the quiescent period marked by abundant erosion 
and deposition of deep soil mantlesp limited life area, and lessened 
migration. 

(3) The stages of climacteric diastrophism and greatest sea re¬ 
treat marked by rcstrictional ex^olution of shallow water faunas, in¬ 
creased land deposits, broadest continents, diversity of land surfaces 
and climatic extremes. 

{4) The stages of progressive degradation and sea advancCp 
marked by the reejcpansion of the narrowly provincial shallow water 
faunas formed in isolated areas in the previous period. 

The tetrahedral hypothesis thus presents itself as a welcome in¬ 
troduction or prcliminafy to Chamberlin's su|^estion of diastrophism 
as the foundaiiDii of correlation, since it gives a cause for a rhjTh- 
mtcal recurrence of short periods of diastrophism with long inter¬ 
vening periods of quiescence. In harmony with this h3T]Othcsis is 
the remarkable generalization of White and Knowlton,^* that a uni¬ 
form warm humid climate extending beyond the polar circles has 
been the rule from early paleozoic, interrupted by relatively short 
periods of climatic extremes when great glacial areas coexist with a 
torrid zone.^* 

I’* Putnam and GilEwrf* pendulum studies indicate that the pari of our 
continrnt uplifted In late Tertlaiy is still above the level of niuilibriuiu, 
XXXL, 7 ^ 

V'ariaiicins of the sun's heat have been adi^uced as cause of varying 
climate atid even the pa/'iage of the solar sy-stem through cold areas in space 
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The remarkably interesting new book by Professor Chamberlin*^ 
gives what I had suggested above as desirable and feasible, to wit, a 
more nebular trend to the planetesimal h)T5othesis, It makes dear 
the reality of the forward rotations of a satellite by the interaction of 
elliptical rather than circular orbits, and builds up with convincing 
clearness such a simple spiral nebula as would evolve into our solar 
system. He lets the approaching star exert its disrupting agency 
on our sun, then larger by the mass of the planets, as a tidal at^ 
traction which sets free the enotmous expansive energy of the sun 
itself so that great masses of incandescent matter— exaggerated 
protuberances—were thrown off. and thrown off in rotation because 
of the unequal character of the expelling force. Such masses form 
the knots on the arms of the spiral nebula and by contraction on 
cooling initiate the planets. By exaggerating—which he does not 
do—the size of these knots in relation to the final planet's we get all 
the advantages without many of the disadvantages of the old nebula 
theory. 


H* then go-es on to de^'clop the thesis that the major influence 
in producing the larger inequalities of the earth's surface has been 
the variaii&n in the rate of rotation of the earth; thus proposing a 
Supplement or substitute for the tetrahedral hypothesis. 

Starting with the idea that rotation must have had alternate in¬ 
creases ; when the equatorial band would bulge and the polar areas 
flatten; and decreases ivhen the equatorial band would flatten and 
the polar areas bulge, there would be a secular seesaw motion be¬ 
tween the rising and sinking areas along circular fulcrum lines at 
30® N. latitude and 30° S. latitude. The tensile stresses during 
elevation in the polar areas would be relieved (on the hiw of least 
action) by three fissures radiating from the north pole at lao" from 
each other and ending at the fulcrum line. The tensions produced 
during the following equatorial expansion would be relieved by 6 
fissures divaricating 2 and 2 from the three ends of the set of fissures 
above defined, and meeting s and 2 at the opposite fulcrum line and 


reported liy Lockyer to have claimed that there 
tn» w space m which mimeles were posjiblc and that the earth 

an am at the befiinni„g era 

" The Origin of the Earth," 1916. 
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at the three ends of the corresponding^ set of fissures from the south 
pole, dividing the equatorial band into six about equilat^^ral triangles^ 
set sa\v-tooth'\vi3e. Three alternating ones would be placed base to 
base with the three north polar triangles above defined. The three 
inten'cning ones would be placed base to base with the three tri¬ 
angles formed around the other pole by three lines similar to those 
first mentioned and dra^vm to the south pole from where the zigzag 
line touched the southern fulcrum line. The six quadrilaterals made 
eiich of two triangles base to base on the fulcrum lines; three touch¬ 
ing the north and three the south polCp and interlocking saw-tooth- 
wise acnc^SiS the equator would by thdr see-saw modoin on the ful¬ 
crum lines relieve the stresses rising from the variations id the rota¬ 
tion. It is further assumed that all other stresses^ as shrinkage, 
tideSp erosion effects, would be localized as elevations along these 
lines and reach a moTcimuni with speciaL protuberances at their inter¬ 
section. These lines become then of great width and are the nuclei 
of the coatinents and arc caUerf yield tracts rather than fissure lines. 

The formation of basaltic columns and especially the ball and 
socket structure, with protuberances rising at the points where three 
cracks meet, and connected by lower ridges along the cracks, is taken 
as an instructive illustration of how the rising in ridges along these 
fissure tracts would occur and the especially marked protuberances 
at their junction would be formed, and is considered almost a proof 
that the process has really taken place. There seemSp hoAvever* only 
partial resemblance betw-een the two cases. The tensile strains are 
here alternating; in the basalt coincident and continuous^ The trap 
column furnishes an analog)^ only for the action at the poles and 
only for the first half of the cycle, and ft is not exact there. As ex¬ 
pansion proceeds tension is relieved by three fissures radiating from 
the pole but this tension and fissuring are not equal along the three 
lines to the next angles as h the trap but decrease outwardly to zero, 
W^en the second half of the cycle begins it may first dose up the 
fissures and then bring the polar regions into a slate of compression 
with maximum at the pole, o state of things not occurring in the 
trapp where there is no compression and so no elevation. This com¬ 
pression might relieve itself by folding or mashing along lines of 
weakness with little regard to the 120“ law' or to the former fissure 
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Imes, wKich might be sonietinies ccinenled m as to be lines of great¬ 
est strength. It would not need to fold at the same places in suc¬ 
cessive compression periods. The other points when; three lines 
join on the fulcrum line are wholly unliJcc the corresponding points 
on 3 trap column. They are indeed points where three almost ncm- 
existent lines meet, since tension and motion die out as the fulcrum 
Ime is reached. During the subsequent compression period also 
these points are places of minimum compression and so of minimum 

elevation, but they are the points where the greatest protubcranccsi_ 

the continental shields—must be¬ 
lt is, moreover, hard to see how the three poUr fissures can 
exert any influence across this dead space to locate the corresponding 
fissures which stretch across the equator, since the maximum ten¬ 
sion by which these fissures are formed is at the far distant equator 
where h would be more probably relieved by fission along three lines 
at 120* (after the manner of trap), radiating from centers on the 
equator and at convenient distances apart, rather than by lines or 
bands slanting across the equator 8,000 miles apart. 

I have sceu where the triassic sandstone has been stripped off 
the trap and found no elevation at the junction edges of the surface 
of the columns or depressions at their centers and the same is true 
of mud cracks. There 1$ rather a slight depression where the col¬ 
umns join. The ball and socket structure is a deep-seated one, and 
the ridges along the edges of adjacent columns and the elevations at 
fte corners are not upthrusts in any sense. The six-sided column 
as first formed by shrinkage and rupture, and no further action 
takes place across the ruptured surfaces, then later shrinking and 
TOn^u^t fissuring inside each column separately have produced a 
sp croidal parting" inside each individual column and it is this 
curved parting which forms the apparent hollow when the column 
alls m pieces, or when several columns have been eroded to a com¬ 
mit cvel forms the adjacent hollows bounded by the intervening 
ndges and comer projections. There is no trace of a longitudinal 

wisr^I^ d'^A column up or down or side- 

cave im" ‘he column breaks will be coti- 

then will be convex upward for a time and then be fol- 


EMEHSOX—HHCURRENT TETRAHEDRAL DEFORMATIOKS. 467 


lowed by an exfoliating spherical mass as large as the cross-section 
of the colwmia. There are samples of all these shapes in the col¬ 
lection at Amherst- 

Thus no support can be drawn from analogy of the ball and 
socket structure of trap for the explanation of the large earth fea¬ 
tures as a result of variations in rotation,^^ 

It is further difficult to see how this oscillation on unknown but 
very long period and of unkno^vti but very slight amplitude can 
attract" the other dcforming agencies and form bauds of fissiiring 
and elevation radiating, at and culminating where the move¬ 
ments pass through the aero point. The amplitude and period and 
total duratiou of these oscilJations are left wholly mdclemilnalc and 
a$ WT exaggerate the nebular character of the original knot ^nd 
minimise the mass and period of falling and variation of falling of 
the planetesimals, which is the cause of variation in rate, we may 
have conditions where the whole effect w^ould be small or even neg¬ 
ligible. It is further interesting to note that when a line of tension 
is drawn from the south pole to the fulcrum line at the south point 
of Australia, it is then continued northwest with the full width of 
Australia across the East IndieSp bending north in A$ia wdth the full 
width from Afghanistan to eastern China, and there is no corre¬ 
sponding northeast line to divide the Pacific. In the same way the 
line drawn from the south pole to South America goes northwest 
with the full width of South America and bends north in North 
.America with a width from southern California to Georgia and 
there is no northeast line to divide the Atlantic. In the case of 
Africa the treatment is different, and the line from the south pole is 
made to branch, although at much too small an angle at the south 
point of Africa, and the branches to run up the tw^o coasts to Af¬ 
ghanistan and the Atlas mountains and then converges to the north 
pole and a hypothetical ocean is made to occupy the area from 
Arabia to Scandinavia. It is more consistent and consonant with 
the other arrangements to have made Africa a "yield tractexactly 
analogous to South America and .Australia- The line along the east 
border of the continentp closely parallel to the corresponding line 

Polished crojs-srctlorts of trap column^ show a whutly hnmoi^cncous 
texture. R. B. Snsinsin, “Type* of Prhmatic Structure in Igneous. Rocks," 
Jf?ur. CfcL, XXIV., 228, If IS, 
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along the east border of the other continents, would be the base line 
of this yield tract as far as Somaliland and the tract would run 
northwest to meet the falcrum between the Atlas Mountains and 
Asia Minor and its northern meridional jiart would include Europe 
and Have on its right a diminished ocean in the depressed Aralo- 
Caspiaji Basin, and unlike the others, a northeast band across Arabia 
naturally separating this small ocean from the Indian Ocean, In 
this case each “ yield tract" has a Mediterranean in its center and 
Italy in the center of the one trends closely parallel with Cuba and 
Sumatra in the center of the Others, 

We may further notice that the elevated fissure tracts that arc 
thus built up are coincident with the tetrahedral elements of the 
earth's framework, Wc may w'elcome any neiv tight on this dark 
subject and feel sure that the rotational and tetrahedral theories are 
supplementary and not antagonistic, the latter would seem how'ever 
to be the preponderant and precedent influence since it would tend 
to make the two poles as unlike as possible, as is the cast: while 
the rotational hypothesis acting on a reasonably homogeneous earth 
would make the poles essentially similar and symmetrical, as is not 
the case. The tetrahedral hypothesis would demand continents 
widening to a maximum where they surround the polar ocean, as 
is the case. The rotational theory would demand three northern 
continents tapering northwardly into points directed toward the 
corners of an arctic continent at the north pole, which is not the 
case. The tetrahedral hypothesis centers on the common explanation 
of the 4 great coigns. The other has two explanations for them; 
one for the south polar continent, another for the other three, placing 
them where the supposed causative forces are at their zero jjoint. 
The drawing of six circular oceans leaves much to be desired and 
one superfluous ocean surrounds the north pole. 

A great elliptical ocean is dra^vn covering quite closely the pres¬ 
ent seat of war and with a major axis on the Berlin-Bagdad Sail- 
road. .An ultra-pacifist would readily see the desirableness of sub¬ 
merging this region, at least temporarily. 

Wc i^ay go further and say that if the five great depressions 
were originally made in part at least by the tetrahedral deformation 
t ey would have located the five great gyrals or "‘permanent highs ” 
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as they lire assumed to have been located by the rotation process^ 
and wotdd have gained the advantage of any sorting actton of the air 
and water currents in concentrating the heavier matter aver the' 
sea bottoms and the Lighter over the land. 'This would tend to in¬ 
crease the tetrahedral dcpres$iorLs and promote the breaking down 
of the elevations and the spherical recoverj'. 

The chapter is introduced by a diagram from Darwin showing 
that the tidal stresses are eight times as great in the central as in the 
equatorial regions. This dynamical basis for the theory is largely 
non-existent, since as sho^vti by Barrell^* the citalion is from an 
earlier and erroneous calculation later corrected by Darwin* who 
shows that the central stresses are only two and two thirds greater 
than the equatorial. 

BarreU says further concerning the theory^ 

“ It is not clear tbal c^rtli strain.^ iliic to the causes invoked could initiate 
sadi a prtmarj- segmeiitadon, in fact caloilatioiu on the which the 

reviewer haa made to teat this sub-!ivpotlic:sis pginted to quite a di^ctent 
method of yielding. Tlie dutribution of cantincots and oceans doc« not 
accord very cloiely with it, and the evidence of isostacy does not indicate 
that the dcfijiiy diffcrencen between contioimts and ocean baslas reach below 
the oulcr hFticth of the earth's radius. This b>'pgthfrsi 5 of juvenile shaiiui^ 
should therefore be accciitcd with much resren'r and does not appear to be 
as w^eJl supported arc the conclusions of the prmiotis chapters/' 

The remarkable paper by Professor Lane^ fits all the crevices 
of the tetrahedral theory. There is a surface layer for erogenic 
purposes, a deeper plastic (asthenospheric) layer to facilitate flow- 
age, a deeper layer for qscirogenic purposes^ indeed, for tetrahedral 
purposes and provision for periodic collapses. A nut with Its acute 
distal point and its obtuse proximal end is a suggestive model of the 
tetrahedral earth’ a triangular beechnut would have been simply 
perfect. 

Two tables have been published giving the periods of elevation 
and depression of the Korth American continent. The table of 
Shimer is based largely on the geological maps of Qiamberlin and 
XLTV., p. 244- 

^ A. C Lane, "^On Certain Rcscfntlauecs bclwccn the Earth and a 
Butternut," 1915 . 13 a, 

Pftoc^ JVMEH. PHIL, aoc., voih. t\T- ap. auctjet j, 1917 . 


470 EMERSONf—RECURRENT TETRAHEDRAL DEFORMATIONS. 

f 

Salisburj^=* and lhal of Schuchert*® results of his ex¬ 

tensive and valuable work on the paleogcography and paleometeof- 
oJog)-’ of Korth America. The two tables are in substantial agree¬ 
ment with the table of Arldt (see p. 447 )- larger disturbances 
given by Schuchert agree with Arldt's cycles except that the Grand 
Canyon revolution is local and the Caledonian cycle is less marked 
in North America than the others. He brings out very clearly the 
brevity of the elevation and the great length of the intervening times 
of depression. 

'^Granting all this/" says Schuchett" (after reviewing all the 
theories to explain the “ climates of geological time except the 
tetrahedral hypothesis), “there still seems to be back of all these 
theories a greater question connected with the major changes in 
paleometeorolog}'. This is; \V hat is it that forces the earth's topog¬ 
raphy to change with varying intensity at irregularly rhythmic in¬ 
tervals ? , . , Are we not forced to conclude that the earth's shape 
changes periodically in response to gravilative forces that alter the 
body form/' The tetrahedral hypothesis is certainly trying to force 
this same conclusion. 


The idea of a spherical recovery and extensive transgression and 
exceptionally equable climate far poleward would take away largely 
the need from the biological side of many assumed continental con¬ 
nections across the deep oceans as bridges for migrations. Their 
migrations could take place during equable climates by long cir¬ 
cuitous land connections extending far poleward, and would remove 
ttwny apparent conflicts with the supposed tetrahedral configuration 
of the earth, which appear in many restorations of early geological 
(teriods. This was written in 1913 and the Iniporbint and authorita¬ 
tive article by Mathew on "aimate and Evolution,”*'* brought so 
full confinmtion of this suggestion and so strong condemnation of 
the indiscriminating bridge building which has been customary for 


’‘Broader Feature* of the Gcoloaieat HistOQr of North 
Amcuci. Tfchnetoffy QuarUrty, VoL XX, p. nSj. 1007- 

A Geotoso"/" Rl ^ p. 1915, 

In*t,. No. , 92 . P, aSp. 

24. PP Evotution" ,-fu. JV, Y. .4eud. $€.. VoL 
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fear, as Coknart “some stray matsupiaJ m\ght get his feet wet 
m migrating to a new habitat/' that I copy here his thesis and con¬ 
clusions, 

' "Thesis. 

Sroiiiir climatic change lia$ been an impnilaitt factor in tJae evolo- 
tioB of bnd verlebraics *nd the prindpal knon'ti cati^e of their present dis* 
tributioTi. 

^ 2 . The pnneipat lines of TnEgratlon in Later geological epochs hav'e been 
radial from HoLardic centers of dispersal. 

"3. The geograph to changes rcfiuired lo explain the present distribution 
of land vertebrates are not extensive and for the most part do not affect the 
permanmee of the oceans delrned hy the conlinentai shelL 

“4. The theories of aUemations of moist and imifoTTn with arid and 
xonal climates, as elabomted by Chamberlin, arc in exact accord with the 
conrsc of evoltition of [and vertebrates^ when inlerpreted with due allow¬ 
ance! for the prohahk gaps in the record. 

'*5^ The numerous hj-potheticaJ land bridges in temperate^ tropical and 
^irthcm regions connecting continents noiv separated by deep oceans, which 
have been advocated by various authors, arc improbable and nnnectssary 
to explain geog^phlc dislribrnioti. On ihe contrarjv the known facts point 
distinctly to a general pcnuaneac? of continental outlines during the later 
qKichs of geologie time, provided that due allowance he made for the known 
or prohabte gaps irt our knowledge. 

SUMUAEV OF EV1IDE^CCE. 

Tile geologic m idenee for the general penuaneocy of the abyssal oceans 
is oi^ttwhclmingly strong- The continentaC and oceanic areas are now main¬ 
tained at their diffeTcnf levels chMy through isostatic balance, and it Is 
difficult to beheve lliat they could formerly have been reversed to any ex¬ 
tensive degree. The floor of the ocean diflfers norably in its relief from the 
surfaces of the coulments^ and only hi a few limited areas is the relief 
suggestive of former elevation above sea^leveL The continental shelf Is so 
marked, obvious and universal a feature of the earth's surlace that it affords 
the strongest kind of evidence of llse antiquity of tlie ocean basins and the 
limits beyond W'hich the contiitciiu have not exiettded. The s^ipposed evi¬ 
dence for greater etevaiTon in the erosion channels acro^:! its margin have 
been shown to be better interpreted as due to * contiiiental creep.* The 
marine formations now found in continental areas have all been deposited 
in shallow seas. No abyi «1 deposits have ever been certainly recogniacd 
among the geologic formations of the continental ptalform," 

It would thus setm possible that with the oonttnuous escape of 
heat and volatile bodies a sli^rhi constant tendency of the earth 
toward tetrahedral deformation might combine with the other more 
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active forces and like the actioit of rotation in deflecting rivers prove 
effective when the other forces are balanced agamst each other.** 

The contimious escape of juvetiUe waters suggested by Suess 
may have promoted shrinking and have thuji aided in rt^larlV in¬ 
creasing the depth of the ocean basins. 

And only part of this juvenile water may have been absorbed in 
the hydration of minerals so that the amount of the ocean waters 
may have increased. We may also accept the condusioiis of Walther 
that the earlier oceans were shallow and that the great and in¬ 
creasing deepening of the great permanent ocean bodies which the 
tetrahedral theoiy demands began vi^th the Triassie, since dl pale¬ 
ozoic survivals were shallow water forms. 

Indeed the slow process by which the agglomeration of plane- 
tesimals condensed into a globe of double the rigidity of steel w^ould 
permit the postulated repeated recurrence of periods of tetrahedral 
deformation and spheroidal collapse^ at first barely djscemibte 
among the other deforming agencies but gradually becoming rela¬ 
tively more important until at last in the grand Tertiary cycle the 
deformation should be so great as to cause the final stage of the 
movement of the pole to its present place and Impress the strong 
tetrahedral features on the face of the present earth. 

Finally one might say there Ts a certain three-fold hierarchy in 
earth movements—orogenic or mountain making; cpeirogenic or 
plateau making; tetrahedrogenic or continent making. 

should be dislindly borne in msad that the tetrahedral dcfonnation 
is not a cr>'aUklliiie actiem any more than is the fonnation of hexagonal trap 
coltiioTi^ Indeed the tetrahedra.! deformation of a ^herfcal mass i; exacUy 
likc the hejcai^onal deformalion of an extended ttiaii. Both are governed by 
the law of legist action m a very similar wa>% There are isometric tetrahedral 
crystals and there are slx-sMcd hexagonal crjatsiti They arc often perfect 
aiid perfectly embody a physical law. The other cases represent a tendency 
and act only when the remaiiilng^ agendes iire balanced and should he judged 
^ their h^i results. One should no more overlook the tetrahedral ictidttity 
Dnanse It 15 oflen imperfectly realircfl than the hexagonal tendency in all 
shrinking bodies. 


EARLY MAN IN AMERICA. 


Bv EDtVlN SWIFT BALCH. 

{K#pd AprR rj, /pj?,) 

One hundred years ago, only one man—one may say without 
exaggeration—knew that there had once been a stone age in Europe, 
This was John Frere, who as far back as 1797, tollecled many flint 
spear heads near Hoxne in sduthem England and recognized ihcir 
antiquity and their human origin. It was not until the first half of 
the nineteenth centuiy that two or three other men realized that ecr* 
tain stones which they found in digging had been man-handled and 
used as 'weapons or tools. One of these men was Dr. Schmerling 
of Liege, who in 1833 published a paper describing his investigations 
in the cave of Engis, where he found worked Hint implements, 
weapons and ornaments of ivory and bone, and fossils of extinct 
animals together with a fossil human skull and other fragments of 
the skeleton. Another man, the Rev. J. MacEnery, between 1824 
and 1841, obtained from that most interesting cavern Kent's Hole 
near Torquay in southern England, numerous artifacts associated 
with the bones of extinct animals. The scientific world of those 
days, however, was unable to appreciate that the human race could 
possibly date back to the time indicated by the extinct animal fos¬ 
sils found in the same strata as the flint artifacts, so Frere’s. Schmer- 
ling's and MacEuery’s discoveries were rejected and temporarily 
forgotten. 

In the early part of the nineteenth century also, however, there 
lived near Amiens a Frenchman, Boucher de Perthes, who was 
molded out of most combative clay. He started digging in the 
gravels of the Somme Valley and in 1S32 he noticed in the gravel 
pits some curiously shaped stones which he finally recognized must 
have been shaped by man. And in the year 1S47, he said so in a 
big volume the very title of which, “ Antiquiles Celtiques et Antedi- 
luvtcnncs,'* shows how' hesitatingly he was groping at a subject at 
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that time almost undtr the ban of religion as weU as of science. 
For this he ivas toid, to put it In the words with which ive now' greet 
discoverers, that he had handed a gold brick to the ptibltc. But 
this did not upset Boucher de Perthes’s equanimity one iota. He 
was not only combative, but he was pertinacious and tenacious. He 
continued his researches and tea years later he brought out another 
big volume. Thereupon a few other scientists woke up and took 
notice and went to the Somme Valley to dig. And they also found 
flint artifacts iu situ and in very short order it was seen that 
Botichcr de Perthes was right in his contentions. And now Boucher 
de Perthes is universally recognized as the man who forced recog¬ 
nition of Paleolithic man in Europe on a recalcitrant world. 

One hundred V'ears ago, everybody in America—one may say 
without much cj^geraiion—knew that there was even then an 
American stone age. And some doubtless had this knowledge 
drilled into them by finding a stone-headed arrow sticking in their 
ribs. And they therefore were sure that stones were fashioned 
into weapons and that they were used by our so-called Indians and 
were not prehistoric. But histot}' repeats itself. Just as Dr. 
Schmerling had discovered a fossilized man in Belgium, so did Dr,. 
Lund, a Dane, report finding in 1S44 in a cavern in the province 
of Minas Gcrcas, Brazil, some fossilized human bones together with 
bones of extinct animals. He concluded that South American man 
extended “ far back into historic times, and probably even beyond 
these into geologic times."' The evidence presented by Dr. Lund, 
however, was not so absolutely convincing that the human bones 
were cotemporaneous wHth those of the extinct animals for tht 
scientific world of that day, any more than in the cases of Frere, 
,,chniLr]ing and MacEnery, to be walling to accept the possibility of 
such antiquity for the human race, so Dr. Lund's discoveiy also was 
temporarily relegated to the limbo of oblivion. 

But there was a man in Korth America who had the same char- 
aaeristics as Boucher de Perthes; the facul^- of observation, the 
a hty to rwson from his observation.^ and the pertinacity to stick 
0 em ui the face of any and all opposition. This was Dr, Charles 

’ Afes Hrdiicka, " Early in Soutli Amerim," p. i<^. 
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Conrad Abbott, who lived on hi? family homestead near TteiiLcni+ 
New Jersey^ More than fifty years a^o he began to collect the 
relics ot the past in the neighborhoods He noticed that some of the 
stone artifacts were much rougher than others and he reasoned 
from this that therefore they were older. And in a paper ^'The 
Stone Age in Nciv Jersey/* published in 187^/ he antiouticed his be¬ 
lief that these ruder artifacts were paleolithic. He says ai them 
either that there were execrable workmen among the tool-makers 
or else that the age of the crude specimens far exceeds tliat of the 
finely wrought relics. He discovered also that in every class of 
relics there is always a gradation from poor or primitive to good or 
elaborate, indicating a lapse of years from ancient to modern times, 
from a paleolithic to a neolithic age. He further surmised that the 
earlier implements were $0 rude that the people who fashioned them 
may well have been too primitive to wander from another continent, 
and therefore that the first inhabitants along our Atlantic coast 
and inland may have been autochthones. And thereupon Abbott 
was promptly told that he also had handed a gold brick to the public. 

But Abbott, like Boucher dc Perthes^ weathered the storm and 
continued his researches and nine years later, in iSSi, he published 
a hook Primitive Induslr)%" based on his rambles over fields and 
along the banks of the Delaw^arc and on his patient observations in 
railroad cuttings and canal excavations. And in this book he was 
able to announce^ that there are three stages of stone culture in the 
Delaware Valley. Taking these downwards or backwards they are 
as follows: (i) In the surface soil there ss a polished stone neo¬ 
lithic stage with jasper and quarts implements of the historic Indian 
and a few rough argillite impkincnts; (2) some distance below this, 
in alluvial deposits, gencraJly of yellow sand, there is a stage of 
rough argillite implements; (3) a good distance belotv this again, in 
the Trenton gravds, there is a stage ivherc there are a few- very 
rough argillite paleoirthic implements. 

Now the difficulty of seeing these facts in the field at Trenton 
is enormous. I have visited Abbott many times at Trenton, and 
have rambled over his ancestral acres and along the bank$ of the 

s .-^hi^riran NaturaHst^ 187j, Vol. 6^ p. 14^, 

« Page 517. 
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DelaiiVare with him and have ihu5 had the advantage of having him 
point out to me himself ihe three horizons. I have picked up nu¬ 
merous Indian implements on the surface soil, perhaps (he best of 
which was a large arrowhead or spearhead which I detected in Ab¬ 
bott s asparagus be± And I have dug abo into the second stealum, 
the Yellow Sand Drift, and found a couple of rough argillite flakes 
mj^self. An implement in the lower gravel horizon, however, I was 
never lucky enough to find in situ, for these are exceedingly rare 
and only rewTird a searcher after many long days. But I cannot 
but marvel how anyone ever traced single-handed these three 
archeological horizons. The iw-o lower ones are so modest, so re¬ 
tiring, that even when pointed out to you, it is hard to believe they 
are there, .^nd how Dr. Abbott, to whom they were not pointed 
out, ever was able to recognize their existence and point them out 
to others, seems to me the most wonderful discovery in the realm of 
American archeology'. 

The state of knowledge, it will be noticed, was prccbely the op¬ 
posite in Europe at the time of the discovery of patcolidiic stone im¬ 
plements there, from what it was in America at the time of the 
discovery of paleolithic stone implements here. In Europe nobody 
knew anything of a European stone age. ‘ In historic times, the 
Greeks, the Romans, the Gauls, the Brits, had all used bronze or iron 
weapons, but not stone weapons and implements. And the result 
that as soon as Boucher dc Perthes had been proved correct in 
his assertions that the flints he found w'ere w'eapons and imple¬ 
ments, everyone knew definitely that they were prehistoric: they 
could not be anything cbe. In America on the contrary, everyone 
knew that there was an American stone age. and that they were 
still in it. And the result was that most archeologists in America 
asserted for years after AhJwit’s discovery, that all the stone im- 
plements found here arc neolithic and historic. Nevertheless Ah- 
ott was correct in his assertions and it may be truly said of him 
that he ,$ the Boucher de Perthes of America, the man who has 
forced on science the recognition that there is a Paleolithic Amer- 


in Abbott's dtseovety a new worker appeared 

the Trenton distnet. This was Mr. Ernest Volk. He had come 
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over as a yotirig tmn from Germany and settled at Trenton* He 
became mtercsted in Abbott's discoveries and started in to verify 
them for himself. In 1889, he began to work under the general 
direction of Mr, F. Putnam for the Peabody Museum of Har¬ 
vard Ufiiverstty and he has kept up his researches to the present 
time. And his patient^ persevering labors for $0 many years have 
absolutely confirmed all of Abbott's contentious. Working in the 
fields, and watching cxtavatiotis in the Delaware River diannel, in 
the sewers of Trenton and other places* Volk has independently 
proved that there are three stages of culture at Trenton: on top a 
historic Indian stage with many jasper and some argillile imple- 
nienrts, and some of the^e implements ^:}o 1 ished and SO placing the 
upper horizon in the Neolithic period' a middle horizon tn the 
Yellow Sand Drift with only some chipped argillite implemeuts, thus 
placing this stage in a paleolithic Stage of culture; and a much 
lower horizon connected with the Glacial gravel and bearing a few 
chipjtcd argillite implements and some rough quartzite ones, the 
latter especially showing an early paleolithic stage of culture^* 

Until recently Abbott's and \'olk*s results wxre accepted by tlie 
minority and were rejected by the majority of American arebeolo- 
gists. Now the position taken by so many leading American 
archeologists is, however, perhaps not extraordinary. In the first 
place they started from the preconceived notion that all the early 
inhabitants of this country were historic Indians. And it is hard to 
throw off a belief which is Justified by the most apparent facts en¬ 
dorsing it unless Overwhelming evidence is produced against it In 
the next place, none of these archeologista took the only means pos¬ 
sible of verifying for oneself the evidence presented at Trenton, 
namely a long investigation, patiently carried out for weeks a^ind 
months on the spot. They flitted in and out, something like, as you 
will remember, the guests did Avho tried to pull out the sword from 
the tree in Richard Wagner's Walkure, -^Gaste kamen und gaste 
gingen ” but the sword remained m the tree just the same. 

Another cause also influenced strongly Amcricaii archeologists 

* Ernest Volk, "The Archcoloflj' of the Dekware Vat(i^/* Papers of the 
Peabody Museum of Atnerican Archeology and Ei^tnobgyj Harv'ard Univer¬ 
sity, 1911. 
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from aecefsdiig Abbott’s and VoJk’s results. And this was the 
human renains found in various parts of North and South Amer¬ 
ica in Plrastocene deposits, which human remains always seemed to 
be historic Indian, Besides the one find made by Dr. Lund in 
eastern Brazil several discoveries of tbe same kind were made in 
North America. One, for instance, vras ntade in iStjd at Natchez, 
Mississippi, by Dr. Dickeson and was turned down by Sir Charles 
LyeU. Another was made in 1902 at Lansing, Kansas. A third 
was made in 1906 at Long Hill near Omaha, Nebraska. Now ail 
these bones and especially the eJcuIIs showed almost exactiy the 
characteristics of historic Indian remains. And it was argued from 
this that since these remains showed no evolution in the type there¬ 
fore they could not be really old. For it must be remembered that 
the persistence of type has only been accepted recently. It was 
indeed believed for a number of years that the modern European 
had probably evolved directly from the much lower type of Mous- 
terien Neanderthal man, Noiv, however, from numerous discov¬ 
eries at Moulin Quignon, at Galley 'Hill, at the Olmo, at Ipswich, 
and other places, it is knowm that the modem European type dates 
back to the Chelleeti and Acheulcen horizons of tbe early Paleo¬ 
lithic, w'hile the Neanderthal man's ancestor has been traced in an 
earlier, perhaps Holithic, horizon at Heidelberg, But since the 
reasons formerly influencing anthropologists to reject as genuine 
the finds of human remains iti the American Pleistocene can no 
longer be held to be valid, it can now be affirmed that it is not only 
possible but nearly certain that the type of the historic Indian comes 
down in .America, through tens of thousands of years, possibly 
through the entire Pleistocene epoch. 

For many years the status of Early Man in America remained 
thus ill sliHu quo, Abbott and Volk standing squarely by their guns 
and CM^siunally firing the hot shot of facts at other archeologists, 
the minority of whom accepted the facts, while the majority de¬ 
nied them. And it was only about five years ago that confirmation 
came to .Abbott and Volk, and it came first from an unexpected 
([Uartcr, namely Kansas. 

About the beginning of the twentieth century, Mr, J. V. Brower 
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naa<te a Jnrge collection of Artifacts in Karsas immediately south of 
the Kansas glacial tnofaine, Ur, Brower discerned that some of 
these aritfacts were unusual in character, hut he did not follow up 
the matter and died soon after, Then his collection was placed in 
the Minnesota Historlcat Society at St. Paul, Minnesota, and for¬ 
tunately it attracted the attenion of the late Dr. H. K. W'inchell, 
who devoted the last years of his life to its study. He established 
an important point in regard to the [jalcoliths of Kansas, namely 
that some of them closely resemble the Chelleen implements of 
Europe, possibly even some of the pre-GiellMti implements. With¬ 
out being identical, these implements show that man went through a 
Gielleen stage of culture in Kansas at an early time, perhaps even 
before the Kansas Glacial period. 

This is a notable and important fact. For the European Chet* 
lecn dates to far back, quite probably to a hundred and fifty or tw*o 
hundred thousand years ago. And the Cheiieen implements are 
about the earliest in which man shows a distinct sense of form. 
This sense of form and the technic of chipping stone, man com¬ 
bined for the first time in the next stage of culture, and taking 
certain curiously shaped natural flints, Acheuleeii man chipped th<*Tii 
into a semblance of the form of certain animals. Such stones, 
found first by Boucher de Perthes in the Valley of the Somme, 
have been found also within a few years by Mr, W. N, Newton in 
the valley of the Thames. And considering that the Acheuleen 
horizon is almost surely more than a hundred thousand years old. 
these stones carrj^ back the beginnings of art to that time. The 
wonderful drawings and carvings of the later Paleolithic arc clearly 
the continuation of these .Acheuleen attempts at embryo fine art. 
and they also are truly the combination of the technic of chipping 
flints into implements and of an acute sense of form. But it is 
possibly not far out of the way. to date the birth of the fine arts at 
about 1125,000 years B. C. 

But Winchell's greatest contribution to our knowledge of stone 
implements is unqucstionahly his study of their patination, and in 
this respect he made an advance even over any European archeolo¬ 
gist. He found that implements varied in their patination or weather¬ 
ing, that some were more palinatcd than others, and as he went deeper 
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into ih^ir Studyn he found th^t ^ome implements offered two or 
even three sons of patinatton. And be finally concIude[! that some 
implem^etus Itad been cliip|>cd and then perhaps left lyin^ lo&t for 
thousands of years until they were found by some later Early nrtan 
and rechipped into a better form and then lost again to be picked np 
finally for one of our miisetims^ And by bis $tudy of patination 
priocij>ally, Winchdl was led to the condusion that there were at 
least four successive peoples re^naible for the artifacts of Kansas^ 
and be divided the cultures backward into a Neolithic^ an early Kco- 
lithic^ a Paleolithic and an early PaleolkhJc, and toward the end of 
his work be even suggests it may be necessary^ to divide these cul- 
tures sdll further® 

Then eame a confirmation of Abbott's and Votk*s results at 
Trenton in regard to the Paleolithic man of the Ydlow Drift horizon. 
Three years ago the American Museum of Katuiral Histoiy sent a 
eommission of se^'cral of their staffs Dr, Wissler^ Dr Spiers and 
others to Trenton. Dr. Abbott gave them the privilege of digging 
on hh estate* And having unlimited resources they dug an im¬ 
mense^ most educadonal, trench across the fields and ever>' shovd 
full of dirt was passed through a sieve. .\nd their results showed 
that Abbott was perfectly right in his contentions. On top they 
found the remains of the Lein Lenape Indians in abundance: 
pottery, bone, shell and copper implements, polished and engraved 
stone objects, notched and grooved sinkers, pitted and pitkss 
hammerstoncs, some targe chipped blades and many different forms 
of arrow points- In the Yellow Sand horizon, on the contrary, there 
were but few forms of artifactSr 50ine pitless hammerfitones, some 
implements of a large blade type^ and only a few forms of chipped 
stone arrow points. In other words there is a complex culture pre¬ 
ceded by a simple culture. And this simple culture is homogeneous 
and cannot be confused with any other.^ 

Finally within the last tvvo years there was made a discovery of 

N. Winchell, "The Wealheriiiff ot Aboriginal Slone Artifarlip” the 
Minnesota Himorical 1913- 

• Lea tie Sphr, **Stw Data on tli$ Treaton Argillite Culture" Jnuritan 
AnthroPoh(fUi, AprtHune, 1^16. 

CTarIc Wissler, "Tlie Application of Statistical Methods to the Data on 
ibe Trenton Argillite Cullufe,*" Amirican Anlktapclagiitt. April-Jtitie, 1016k 
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the utmost importance at Vero, Florida. Under the direction of 
Mr. E. H. Sellards, State Geologist of Florida, the excavation of a 
new canal was carefully watched, and in a Pleistocene horiion con- 
tabling bones of numerous extinct Pleistocene mammals, niastodon, 
Elephas cahttnbi, Equus kidyi, Megahtiyx and others, there were 
also found in several places human bones In the same state of 
fossilization as the bones of the extinct animals. For two reasons 
therefore, association in the same horizon and fossilization to the 
same degree, it is impossible to deny that a Pleistocene man existed 
in Florida. And he was also certainly a Paleolithic man, for some 
chipped flint flakes were found with die human bctncs. Most notable 
of all, how'cver, a bone was found on which there were some en¬ 
graved marks which suggest vaguely the marks of the Azilien 
horizon iu southern France and on which aho there was a small 
crude drawing, the first apparently from Pleistocene times found in 
America. This drawing, it seems to me, is one of the most Im¬ 
portant archeological finds ever made in the history of man and 
the history of art.^ 

Thi s drawing seems to be an attempt to delmeatc s htintan head 
and bust. What is specially interesting about It is that, in the first 
place, it is decidedly rectilinear and not curvilinear. That is also 
the character of historic Indian art and slight as this drawing is, it 
certainly suggests that it was done by some one with historic 
American Indian characteristics, which points to the draughtsman 
being an ancestor of our present Indians, And if this drawing is 
genuinely Pleistocene, and if it is, as it seems to he, rudimentarj' 
American Indian art, there is almost a certainty that we sliall never 
find on the American continent any art like that of the later Euro¬ 
pean Paleolithic, In regard to the age of this drawing one may 
perhaps theorize somewhat as follows. The fossils found in the 
same horizon as this drawing are certainly Pleistocene, Now 
although we have figure-stone flints, that is embryo sculpture from 
the Acheulcen, the earliest drawings so far known to ns are from 
the Aurignaricn. The probability therefore is that this drawing 

T E. H. Svilardi, "Human Remaini and -Aswdated Fossils from the Pleis- 
toeene of Florida," Eighth Anntial Report of the Florida Stale Geologicai 
Survrjv 
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doss not antedate the Aurig^naden and may romcide with the Solu¬ 
te™ or MagdalHieen, a supposition which may also he considered 
to hold good of the surrounding fossils, Bui although this drawing 
is only a tiny relic, yet if it is genuinely Pleistocene, it opens up 
vistns hitherto hermetically sealed, for one must logically conclude 
that drawing may have begun as early in America as in Europe, 

The discoveries in Kansas and in Florida coming on top of the 
discoveries in New Jersey, prove bey-ond all cavil that there ar^ 
several horirans of culture in America, lltcre are certainly three 
horizons at Trenton, there are certainly two at Vero. there are prob¬ 
ably four stages, if not horizons, of culture in Kansas. Now comes 
an important question, do these horizons coincide? The upper or 
historic Indian neolithic stage is undoubtedly the same evervwhere, 
But docs the lower horizon at Vero coincide with the lower horizon 
at Trenton anil are they synchronous with the Qieltecn culture of 
Kansas? 

The progress of prehistoric archeology in Europe has been brgely 
due to recognizing the sequence of one horizon after anotiicr. 
These horizons, identified by their fossils and their stone imple¬ 
ments, are, in all cases, found in their pro|Jer order of position 
above Or below each other. There may be many or few of these 
horizons together but in every case the later horizons are above the 
earlier ones. If one designates the horizons in Europe by numbers, 
and numbers them from the top downwards, I, 2, 3, 4, 5, 6, 7, S, 
9, etc., horizon 3 is always above horizon St horizon 3 is always 
above horizon 7 and so forth. 

In America we know ijositivdy that there arc three horizons 
at Trenton. 1 f wc take these as the starting point and number them 
downwards I, 2, 3, we can safely say that horizon 1, that of the 
Neolithic historic Indian, extends, with local variations of culture, 
throughout the whole of North America and perhaps, although this 
is less certain, of South America, But of horizon 2 and horizon 
3 we do not yet know whether they coincide with any of the lower 
horizons or stages of culture in other places in America whose 
existence is equally definitely established. We cannot say that the 
ower horizon at Trenton coincides with the lower horizon at Vero, 
nor can we say that cither of them coincide with the Chellwn stage 
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of Kimsas. May be they do, but may be they antedate or postdate 
one another. Instead of three horizon$^ it may be that there are 
five horizons already discovered in America. And, it seems to me, 
this straightening out of the sequence and relative time of the 
horizons is the most immediate problem to attend to in conneciion 
with early man in America. 

My own beliefs and opinions about the present status of knowl¬ 
edge about early man in America may now be sumined np as 
foIIow^s. Early man was here. He lived during at least a part of 
the Pleistocene period for tens of thousands of years south of the 
Gbacial moraines. He probably went throi^ an EoUthic period and 
certainly through a Gieileen period in some places and therefore 
was truly a Paleolithic man. He may have made rudinicntary fine 
art. Paleolithic American man w^as the ancestor of the Neolithic 
historic Indian and although less advanced in culture much lUke his 
descendant in anthropological characteristics, ^VTiethcr he ivas an 
autochthone in *-\merica or whether he came from some other place 
and if so when^ we do not as yet know positively, although his 
affiliations seem to be to the west And it is to four men above all 
others that we owe our knowledge: Abbott, the discoverer of paleo¬ 
lithic implements and horizons, Volk, the corroborator, Lund, the 
first finder of probably Paleolithic bones, and WincheU, the in¬ 
vestigator of pat!nation. These four men will always remain stars 
in American archeology' and especially so Dr, Abbott, w'ho, by fol¬ 
lowing Voltaire's famous dictum "II faul cuUiver son jardin,” wuU 
go down to history as an immortab 
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A DESCRIPTION OF A NEW PHOTOGRAPHIC TJLVNSIT 

INSTRUMENT. 

By FRANK SCHLESING&R. 

(Read Afrril jp//,} 

A camera lens of wide field is mounted at one end of a rigid tube 
built up of small angle irons. At the other end is the pbte carrier. 
Adjnsttnctits for coltinmtion, base and focus are provided. On the 
under side of the tube not far from the objective is a ball whirfi fits 
into a socket mounted on a pier, and these form the polar axis of the 
instrument. The lower end of the tube rolls on a glass plate attached 
to the same pier, the latter pointing to the intersection of the celes¬ 
tial equator with the njeridian. To the camera is attached a driving 
clock regulated to the sidereal rate, 'fhe glass plate is adjusted to 
the celestial equator and in this way round star Images are obtained 
On the photographic plate. Near the lower end of the camera is 
attached an electric contact which operates on a hinge without lost 
motion. As the driving dock moves the camera across the meridian 
this contact falls by its own weight into a number of slots in succes¬ 
sion, cut into a brass rod that forms the other terminal of an electric 
dreuit. In this way wc obtain upon a dironographic sheet eight 
sharp and short signals every minute. The same circuit contains a 
sidereal dock and thus we have the means of finding at what times 
the camera passed the slots in the brass rod. 

The method of observation is as follows; two or three minutes 
before a certain group of equatorial stars conies to the meridian, the 
driving clock is started and the lens is uncovered just before the 
contact falls into the first slot. The exposure lasts say five minutes, 
the camera being covered just after the contact has passed over the 
last slot. Without disturbing the plate in any way the camera is 
moved back to its original position so as to point again a few minutes 
cast of the mcridinan. Some time later the process is rejieatud on 
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another group of equatorial stars, and the plate is then taken out of 
the camera and developed. It is dear that the two sets of chmuo- 
graphic records, together with the measurement in right ascension 
of the two exposures, will give us the right ascension of one group 
if that of the other is k-nowm; similarly for the declinations, except 
of course that the dock is not involved* 

The method is liable to several sources of error: (i) accidental 
ciTors in the measurement of the plates and of the chroiK^phic 
records. (2) Errors in the assumed rate of the dock. (3) Errors 
due to the movement of the pier in the interyd between the two 
exposures. It is certatn that the first of these is smaller than in the 
best w ork that is possible by visual methods, and in addition w^e are 
freed from personal equation in all its forms. This observatory 
possesses an excellent Rieficr clock whose rate for ten hours (the 
longest interval between exposures that it is feasible to employ), 
w^e should be able to determine with a probable error not exceeding 
0.005 second of time. Several years ago we set up a stationary 
camera upon a pier pointed at tlic polar regions and secured expos¬ 
ures every few minutes on a number of stars. The measurement and 
preUminary' discussion of these plates proved that the pier is liable to 
very small movements during the course of a single night, and the 
error from this source is not greatly to he feared. 

W'e have constructed such an instrument as this in the observa¬ 
tory shops from such material as we happened to have at hand* A 
trial of it has encouraged xi 5 to reconstruct it in more permanent 
form, and in particular we are having made for it an accurate driv¬ 
ing sector and worm. It is proposed to put the method and insiru- 
ment to a very' severe test by extending the observations through an 
entire year, coming back to the group that forms our starting point 
by means gf six steps. 

The camera is lieing tried in the equator only because this simpli¬ 
fies the construction. A slight and obvious modification will make 
it applicable to any dcclinatign Tvhatever. In this more general form 
the devHce, if successful, will enable us to ascertain the right ascen¬ 
sion and the declination of stars in any portion of the sky providing 
that we know* beforehand the positions of any other stars In about 
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the same declinations. The iostmmeqt is intended for cooperation 
with the meridian rireJe in the determination of the positions of 
seireral hundred comparison stars tn a narrow zone, upon which in 
turn tan be based the compilatloap bj photographic observations, 
of zone catali;^es of many thousands of stars, 
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STUDIES OF INHERITANCE IN PISUM. 


II. Tee Present State of Knowledge of Heredity and 
Variation in Peas,^ 

By OHLAND R WHITE. 

IReitd Oclotrr St 
PART L 
Introduction-® 

Since the publication of Lockes summary of the genetic work on 
Ft sum ia 1908* utimerous new studies by Tscbeimakp Hoshino^ Pel- 
lew and others have very much increased our knowledge of hered- 

and variation in this genus. 

The object of the present review is to summarbe this new 
knowledge and correlate it so far as is practicable with the older 
knowledge, so that those who are interested may know just how 
much progress has been made and on what basis of fact the Men- 
delian analysis of Pisum rests. 

The Materials. 

The genus Pisum, according to the Index consists of 

seven species ^ possibly only five of which arc markedly distinct 
The species with their gec^raphical ranges are! 

P. arveitse Linn., Sp- PLp 727.—Europe# Asia. 

P. Bicb.# FI. Taur. Cauc.^ II.# 151.—-Reg» Mediterr.; Oriens, 

P, /oniwrtjipi Alef.j, in Bonplandia# TX- (1S61)# 237.-^Reg* Cauca¬ 
sus, Persia, Asia Minor, Syria. 

^ Brookbn Botanic Garden Cofitrfbytions, No. t% 

These stndiu on peas ate bdng earned on m collaboration with the Office 
of Forage Crop Investigttions and the Office of Horticultural and Fomo- 
logical Investigations;, U. S. Departtnent of Agriculltire. 

*The writer will welcome corrections and especially desires to have bis 
attention catted to any genetic work on peas that has been overlooked. 

4B7 


4S3 WHITE-STUDIES OF IXHEElTANCE IN PiSUM. 


P* fulvnm Sibth.^—Asia Minors 
P* humite Bolss.—Syria* Pde&tine, 

F. Schrank.—Egypt. 

P, Linn.—Europe, Asia. 

P. P* ehtius^ and P, /owktrdt^ as from seed ol>* 

mined through the Foreign Seed and Plant Introduction division of 
the U. S. Department o£ Agriculture, from various botanic gardensp 
seedsmen and other sources,, are very^ similar^ all having colored 
flowers, colored seed coats and a similar habit of growth. All three 
species when crossed produce fertile hybrids. Many students con¬ 
sider the differences bet%veen P. and P. artriuf not marked 

enough to warrant calling them by distinct specific names^ Such 
students r^ard P^ nrfciui? as a sub-species of P» sohvum. The 
purple-seeded Abyssinian pea is a very' distinct form of P. 
or P* Jar nnwwe, differing strikingly in seed and leaf characters 
from all other forms of this species. P. /pnwujtiiii is a perennial 
alpine fornip Lacking tendrils and very distinct as regards general 
habit and seed characters. P^ fuh^um has msty cream-colored flow¬ 
ers and seeds with bkek seed coats. P. though resembling 

small-leaved forms of P. arvtnsc^ gives partly sterile hybrids in 
crosses with the latter. Experimental work embraced by this re¬ 
view deals largely with forms of P. dwcMjrc, P, and P, 

elatiti^f of which there are at least some five hundred varieties 
knowm. 

Abont 250 of these varieties have been growm tor three years 
in the experimental breeding plots of the Brooklyn Botanic Garden, 
where many of the experiments described in succeeding pages have 
been repeated and confirmed. Most of the descriptions of Pi^um 
characters in the following pages are based on notes on these varie¬ 
ties, For help in bringing together this collection* which includes 
forms from all over the world, I am indebted especially to the Ofli- 
CCS of Foreign Seed and Plant Introduction and Forage Crop In¬ 
vestigations of the U. S. Departincnt of Agriculture, Arthur Sutton 
of Sutton & Sons, P, de Vilniorin, Haage & Schmidt, W, Bateson, 
C. Pellew. A. D. Darbishire and various botanic gardens of Europe 
and Asia. 

As a whole, the differential characters of these species are sur- 
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prislngly large in number, though each variety by itself differs from 
all other varieties, as a rule, in comparatively few of them. In de¬ 
scribing these characters and the experiments in connection with 
them in Part 11 ., they have been arranged in four groups—seed, 
plant, floral and pod characters. In each of these groups, striking 
hereditary differences are common. 

Thus, the seeds vary from 2 mm. to I em, in diameter, with a 
seed-coat color range from colorless through various shades of 
green, reddish orange, brown, gray to deep purple. These colors 
are further varied by color patterns of three types—^marbling, 
striping and stijrpling. In plant ckartmlers, still more striking varia¬ 
tions are apparent, such as differences in disease-resistance, in 
height (38-300 cm.), in productiveness (3-4 small pods to varieties 
with 50-130 pods), in stem color and shape, in leaf shape and color, 
in number of pinna per leaf, in the presence and absence of tendrils, 
in interuode length and number and in time of flowering. The 
flowers differ in size, eolor, shape, number per peduncle, in position 
on the flowering axis and in time of pollen maturity. Three colors 
of pods are known. Differences in pod length and breadth range 
from about 10 by 1.7 cm. to 3 by O.S cm. (dry pods) with all de¬ 
grees of intermediates between. Differences iu shape, texture, 
thickness, toughness, time of maturity for market (45 to 123 days 
from time of planting) and in number of ovules per pod arc striking. 

A large number of these variations, as the data presented under 
Part II. disclose, yet remain to be experimentally studied. 

The Relation of Environ memt to the Material. 

It is axiomatic that all organisms live in an environment of some 
sort. Since the general acceptance of the Menddian and genotype 
conceptions of heredity, ivhat part of the organism's character!stic.s 
are due to environment and what part arc due to heredity have be¬ 
come very imporUmt tiuestions for study and experimentation. 'Fhe 
Mendeltan and genotypical conception that organisms are the ex¬ 
pression of fixed and immutable factors or genes, which always 
(barring mutations) give rise to the same character, provided the 
environmental conditions remain constant, has led to a new concep¬ 
tion of what constitutes a character. A character from this new 
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view point is a. joint expression of factors or of a ^oup of factors 
and a partictibir enviromriient Characters are not inherited, since 
they cease to exist when iinexpressed. Latency, scini-latency, and 
patency of characters are terms that should be scrupulously avoided 
in the interests of clear thinking. The older school of biologists and 
systematisU in parLicular have alivays regarded aU character ex¬ 
pressions of a particular kind^ such as the white color of flowers in 
different plant specieSj the character of stents—whether fasdated 
or round, the number of floral parts, elc.^ wherever found* as idea- 
tical For example, faseiation, according to de Vries, is a very 
ancient character^ which has been transmitted to many of the higher 
forms of plant life in a latent conditton. In a publication now in 
press in Gcrmafiy ( 9 ® 5 ) the writer believes he has set forth suffix 
cient evidence to show that fasdations in plants from a genetic 
standpoint are of tnarty kinds^ some of which are hereditary under 
almost any normal plant environment^ while other l;j"pes only appear 
as a response to special environments, such as very rich soil, over- 
watering, or the stimuli derived from insect depredations. Further, 
these two or more kinds of genetically distinct fasciations, though 
morphologically indistinguishable, may bo present at the same time 
in a group of plants $tich as peas. Further discussion of this case 
will be given m the part devoted to the genetics of PiVstm stem char- 
acters, Morgan and his students {6l) evidently look upon a char- 
acter in this same fashion* Th^’ regard the recessive and dominaut 
white color characters of certain breeds of silkworms and poultry 
is tw^o different kinds of white due to two different genetic factors. 
White in both rnces is indistinguishable except in breeding tests. 
They cite numerous other cases among which is one from Baur 
illustrating the part environment instead of hybridisation may play 
tn showing up this difference. The red primrose sifi^isis 

mbra) reared in shade and moisture at a temperature of 3o°-35'* C 
has pure white flowers, while the same plants grown at 15^—20^ C# 
have red flowers. White and red flowers will occur on the same 
plant if the plants are first allowed to bloom in the cooler tempera¬ 
ture and later to continue their blooming tinder the higher tempera¬ 
ture, Another race of primro&e iPrimuIa ^fu^nsis ofia) always has 
white flowers, even at 20“ C, The white flower color character of 
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both races, oar systcniatists and comparative morphologists would 
say, was the same diaractcr (iti the absence of the experiments 
cited above )t but many genetidsts would look upon them as two 
genetically distinct characters^ one of which is altered by a change 
in environnicnt. Acceptance of the conception of a character as 
advanced above may mean a very radical change in the weight which 
has been placed in the past on comparative morphology and taxo¬ 
nomy as methods for studying the evolutionary history of plants 
and animals^ 

The CATEOoaiES of Vasiation* 

Adopting the conception of a character as given above and as¬ 
suming that plants and animals are made up of hereditary units or 
factors, vamtions or character changes in organisms may occur in 
three ways: 

1. Variations due to_changes of environment. 

2. V'ariations due to "gain^* or **loss'^ of factors or character de- 

terminers through crossing. 

3 > Variations due to mutation. 

1, Variations due to changes Ln environment are perhaps most 
dearly illustrated by the change from white flow^ers to red flowers 
in Prfjiaafo ^n^ftsis rubra following the change in temperature. So 
far as experimental ivork goes, change of the same material from 
one environment to another may take place repeatedly and each 
time the materiaU react to the new condition in the same way. 
Pink-flowered hydrangeas have blue floivers when placed in a soil 
contaijiing sufficient alum salts. The unbranched varieties of peas 
are said to branch profusely under the dimatic conditions of the 
Pacific coast region of the United StateSp Cabbage refuses to head 
in the tropics. Lock {54) found that seeds of certain pea varieties 
sown in Ceylon in Januar>' and constantly watered produced re¬ 
markably stunted plants, which flowered at half the usual height 
(of seeds sown in November in Ceylon) and bore almost no seed- 
Examples showing the direct influence of a changed environment 
could he given by the hundred, did space permit. 

2. Changes due to crossing will be ilLustrated at length in the 
part devoted to the genetics of Pimm. 
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3. Changes sti pea varieties due io [DUtaticfi will also be dis- 
cu^ed under the heading of munition. Mutations^ in the sense 
used id this paper, ate rcbtively sudden, abrupt variationa m a 
strain of plants which has bred true for more than two generations 
in the same environment. These variations remain cornparatively 
constant in succeeding generations and lorm the basis of a new 
strain or variety. Such characters in peas as white flower color, 
lack of parchment in the pod^ yellow' foliage, and absence of ten^ 
drils have, so far as we now know, resulted from mutation. Muta¬ 
tions are comparatively common in some organisms and rare in 
others. Morgan and his students {61) have records of over 20O 
character ciianges in the fly, Drosophila^ resulting from mutation. 
In peas, this phenomenon, judging by the records, is coo^paratively 
rare. Any typ^ of character may be altered or replaced by muta¬ 
tion, the change occurring either as a smaU or as a large variation. 

The Material axd TtlE TiccitNiQUE. 

■' The value and utility of any experiment/' say$ Mendel, arc 
determined by the fitness of the material to the purpose for w'hich 
it 1$ nsed/^ Mendel (60), Correns (13)1 suid Loede (53) have each 
expressed themselves strongly regarding the exceptional value of 
peas as material for the experimental study of heredity. The fact 
that they possess easily rccogui^ed constant differentiating charac¬ 
ters, floTvers which ordinarily are sell-fertilized, and are capable 
of giving perfectly fertile F, hybrids was the chief reason that 
Mendel chose them. Menders reasons coupled with certain other 
facts, such as the direct economic value of the results, and the quick 
maturity o[ the plants, have led to their choice for the present scries 
of studies. 

Peas are easily grown, and mature as many as three 
generations a year if both greenhouse and field plots are used. 
They are sown the 1st of April in this latitude, or earlier if prac¬ 
ticable because the late varieties mature poorly under our summer 
conditions. Wrinkled seeded varieties rot before germination more 
easily than round seeded varieties. The peas are sown in rows, 
frotn IO to 15 cm. apart in the row, the rows being 1.2 meters or 
more apart. Only undiseased plump seed are planted, unless there 
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arc special reasons for planting all the scctl. The seed are all 
counted, so that any distortion of ratios from this source can be 
checked up. Wire netting may he used to keep the tall varieties off 
the ground. Peas should not be planted on the same ground two 
successive years, mainly on account of increased liability to pea 
diseases the second year. Darhishire (2j) planted his pea plots to 
vetch for two years before using them again. Peas may he grown 
successfully in four-inch (lo cm.) pots or in benches in the green¬ 
house during the winter months. A bamboo stick or string should 
he provided for each greeijiiouse-gTOi\'n plant. The greenhouse 
temperature should not be higher than 45*-55* Higher tempera¬ 

tures promote trouble with red spider and with various pea diseases. 

CrofjiJitf.—Crossing in peas is easily accomplished by the re¬ 
moval of the stamens from a half-grown bud and the immediate 
application of the foreign pnilen to the stigma. Pollen may retain 
its viability in a dry Petri dish for a week or more. Tsehermak 
(8l) made successful crosses with 14-21 days’ old pollen of 
Allerfruhcste Mai. Varieties such as Dwarf Gray Sugar and other 
early-blooming sorts discharge their pollen while the bud is still 
greenish, while in many of the lale-flowering sorts, the flowers are 
nearly mature before self-pollination takes place (78). Mutilation 
of the flower rarely causes the flower to fall, and if the crossing Is 
done during sunny weather, most of the crosses will be successful. 
Under greenhouse conditions, peas have scattering flowers even 
after the first crop of pods are ripe. These scattering flowers may 
be utilized to furnish pollen for crosses with late-flow'ering forms. 
In field plots, crossed flowers should be protected by square-bottom 
paper bags. In greenhouse cultures, this precautitm is generally 
unnecessary, especially in winter, Diluted grain alcohol is used to 
kill stray pollen on hands and the instruments after each cross. 
Usually the pollen to be applied is carried on the stigma and this 
foreign stigma brushed across that of the flower to be crossed. In 
labeling the cross, each plant of a variety is given an individual num¬ 
ber. and care is taken so that each plant used in crossing also hears 
several uncrossed pods. The maternal parent is designated first. 

Self-ffrtiiisittioti ,—Because peas are naturally self-fertilizing, 
protection of the flowers of both pure strains and hybrid generations 
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is ordinarily unnecessary. The fe^v recorded changes of chance 
crossing are probably due to the pea weevil {Bntebus pisi} (6o, 78) 
or to thrips (3, 7S}. In case the poUen of a flower is ineffective^ the 
stigma may extend itself beyond the keel and chance crossing come 
about in this way. No cases of the latter type are recorded and the 
possibilitj' of error from this source b rare (6o). 

The source of error from chance crossing in a locality may he 
tested out by growing several hundred plants of a variety with 
grem cotyledons side by side with a row* of a pure yellow cotyledon 
strain. WTien the seed of the green cotyledon strain are mature, the 
per cent, of crossing can be calculated from the number of yellow 
seeds found on the green-seeded plants. In an examination of 
over 10,000 seeds of several green seeded varieties at the Brooklyn 
Botanic Garden, not a single case of cross fertilbation came to light 
Bateson and his students (5). Messrs. Sutton (5). Tschermak (8l> 
and hlendcl (60) each record a few nases, the per cent, in each case 
being much less than per cent. Tlie few non-conformables in 
Lock s experiments (54) on cotyledon color arc attributed by him 
to errors in labeling, planting and to improper maturing. 

Because peas arc naturally self-fertilizing, pure lines may be 
selected from almost any of the commercial varieties with tlic as¬ 
surance that they will be constant as regards visible characteristics 
and relatively free from heterozygosis almost at once. Most of the 
varieties at the Brooklyn Botanic Garden have given constant strains 
after at most two years of selection, while the great majority were 
constant from the start. In judging constancy, only characters such 
as flower color, seed shape and color, foliage color and shape of 
pod. winch are but slightly influenced by small environmental 
changes, were used. Tschermak (78), Macoun (57.5), Hurst (42), 
Sherwood (72), Knight (50), Danvin (22) and many other experi- 
Ricnters have often remarked upon the exceptional constancy of 
^a varieties. It should be noted that pea varieties commonly growm 
for forage purposes have generally become very much mixed 
mechanically with each other as well as with various vetches through 
carelessness in handling and harvesting. Often it b possible to 
selcrt ten or more constant varieties from a handful of such seed. 

Label,ng cut Rccotdmg^Th^ system of labeling used in the 
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work carried on at llie Brooklyn Botanic Garden con$i$ts in giving 
the commercial stock of a variety as received a number sudi as 
PLsum 12* the pkints grown from seed of Plli are numbered Pis-i, 
Pl^ 3 t etc. The next generation of Fi2-i being recorded 
as etc. Crosses are designated thtis: P12-1 X the 

Fi progeny ^ (Pr2-i X Pr4“^t)-i. -2, ^3, etc. In F. and subse¬ 
quent generations all seeds planted are countedp and plot sketches 
kept of the arrangement of the plantings. A printed description 
blank covering all the common characters of peas is used for records 
of individual plants, and less detailed blanks for cultures studied 
for special characters. 

Harifesting .—In studying seed characters extreme care should be 
taken to allovp proper conditions for maturity* Harvesting imma¬ 
ture peas may lead to considerable errors in studies on cotyledon 
and seed-coat color. Pea vines may be aJloived to mature until no 
green remains and they are dry and brittle. This insures maturiti^ 
In order to avoid breaking such brittle material, the vines should be 
thoroughly wetted with a hose before handling. Each plant should 
be bbeled with a tag label as gathered* Green cotyledon varieties 
tend to fade to yellow if left exposed to light for a considerable 
time (54) and damp wet weather at bar\^est time may bring about 
the same result much sooner (i, 60p 21). 

EnviroM>^u^!l .—No factor is of more importance in a detailed 
genetic study of the characters of a group of plants such as Pimm, 
than environment- Environment, being the co-partner of heredity 
in the make-up of a character, should have just as precise a descrip¬ 
tion as the cliaractcrs diemselves, or dse be eliminated altogether 
by growing the material under as near as possible the same condi¬ 
tions. If environment were as easy a proposition to handle as in 
the case of chemical experiments, one could define it in^the case of 
each experiment with such exactness that it could be easily repro¬ 
duced. Unfortunately this is not practicablcp because of the many 
factors which compose it. Under greenhouse conditions, it is more 
practicable than in field cultures. How'ever, even here, aside from 
the temperaturcp watering, etc*, factors such as soil and light vary 
so over an area w^hen large cultures are grown, that it is largely a 
figure of speech to speak of absolute uniform environment for the 
w'hole area. 
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In order to secure the grcsatesl nniformil)* practicable in eti- 
vironmental conditions, all cultures which arc studied from a com¬ 
parative standpoint are planted in the same batch of soil, at the 
same time, and given the same cultural care. A few characters of 
Pfjum such as flower color, presence of parchment and presence of 
tendrils are very little affected by environmental fluctuations. The 
majority of Pifuni characters, however, react to environmental 
fluctuations so as to give rise to error in any intense study, unless 
the fluctuations are known well enough to be taken into account. 
By growing a large series of cultures, both hybrid and pure line, 
under approximately the same set of conditions by the method men¬ 
tioned above, and securing as near as practicable the same condi¬ 
tions foi' several j-ears, one may become so familiar with the factors 
composing such an environment and the reactions of the plants to 
such an external set of conditions, that the environment itself may 
be used as a standard by which the modilicationa of the same plants 
grown under other environments may be described. Such an en¬ 
vironment may be called a standard cfitiVouniefit, as k is the cri¬ 
terion by which the effect of all other conditions on characters is 
decided. Whether such a standard can be made precise enough to 
be of much value in genetic work remains to be seen. If one de¬ 
scribes character changes by revolving round a circle, one gets 
nowhere, and without a standard starting place, one simpiv re¬ 
volves, The older biologists used the term nomial to designate in 
a vague way what I mean by standard. Normal environment, how¬ 
ever, may mean almost any common environment in experimental 
work. Thus there is no gain in preciseness through its use. 


PART ir. 

The Genetics of Pisttm, 

Genetic studies on the genus Pismn may be divided into two 
groups—those made before and those made since the rediscovery 
of Mendel's law in 1900. The pre-Mcndclian studies resulted In a 
great deal of practical good, but were of slight scientific value, 
since no laws of heredity were discovered. The Jjost-Mendelian 
work.js as yet too young to have given great practical results. Laws 
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have been discovered however, which ultimately may lead to un¬ 
dreamed practical possibilities. 

Hereditv Studies oh Pisim Fbjok to 1900, 

According to Darwin (22). as early as lyag, white- (ydJow 
cotyledons) and blue- (green cotyledons) seeded varieties of peas 
had been observed (probably through insect crossing) to give rise 
to pods containing both blue (green) and white (yellow) peas. In 
lySy Andrew Knight (50) had crossed various races of peas and 
originated many new varieties, some of which, r. g., Knight’s Tall 
Wrinkled Marrow, are said (42, 73) to have persisted in a prac¬ 
tically unmodified form, but under dillerent names (British Queen), 
down to the present day, representing, tf true, a striking illustration 
of the constant of an old variety', through a hundred years or 
more of inbreeding, Knight, in many wrays, was a forerunner of 
^lendel, as he had observed the dominance of tallness in peas over 
dwarfness, purple flower color over white flower color, gray brown 
seed coats over uncolored seed coats and the breeding true of re- 
cessivcs and part of the dominants. But he was unaware of the 
significance of these facts and of the importance of determining the 
ratios of the various kinds in the second and third hybrid genera¬ 
tions. He is credited, however, by Shenvood (72) w-ith having 
given U5 the start in wrinkled seeded varieties of peas, as before 
his time w'rinkled peas appear to have been unknown. 

Goss in 1S23 (36, 21) also anticipated Afendel by his obsetv'a- 
tions on the cotyledon colors of peas, i. e., the dominance of yellow 
over green cotyledons in the first hybrid generation and the occur¬ 
rence of green and yellow peas in the same pods in the second 
hybrid generation, as weX\ as the suhsetjudit breeding true of part 
of the yellow seeds and all of the green seeds in later generations. 
Appended to Goss’s description of his results is an editorial com¬ 
ment giving the results of crossing green and white (yellow) peas 
by one. Hr. Seton. Seton used the green-seeded Dwarf Imperial 
as the mitemal parent in a cross with a (white) yellow-seeded va¬ 
riety, Four peas were obtained, which, though subsequently proven 
to be true hybrids, did not differ in appearance from the uncrossed 
seeds borne by the Dwarf Imperial plant. Thus even at that early 
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Stage in the history of genetica, complicatioa and confustoti appeared 
on the scene. Bateson ( 3 i, p, i^) has since shoisn such varieties 
as the Imperials to have opaque green seed coats and yellow coty¬ 
ledons. Seton's observations wore on seed coat color, whiie Goss 
dealt with cotyledon color. Like Knight, however, Goss did not 
see the sigtiilicance of his results nor did he determine the numerical 
proportions of the two colors of seed in the F* generation. 

Gaertner (35) siso made pea crosses, as well as crosses of many 
^ other plants. He interpreted the donilnance of yellow cotyledon 
color over green as due to jcenia (the direct and immediate effect of 
the male parent on the matcmal tissues), not apparently aware that 
the characters yellow and green seed color were those of the embryo 
of a new generation. 


Darwin (£ 2 ) grew and crossed peas and noted the ejitreme vigor 
hybrids as compared to the parent forms growing beside them, 
and studied variation and inheritance in several characters of peas. 
He had, however, never heard of Mendel’s work, 

Laxton (22) and others had noticed the rather remarkable con¬ 


stancy of pea varieties, a number of which ivere kno^m to be twenty 
or more years old. Laxton (the ancestor of the present well-known 
family of pea and fruit breeders) also furnished Darwin with data 
on the relation of environment to the production of double flowers 
in peas, as well as data on the inheritance of such characters as 
purple pod and seed color. 

Masters (59) wrote letters to the Gardner's Cltronieh again.st 
the practice (unfortunately still quite commnn) of changing the 
names of old varieties, so as to increase their sales. Judging by die 
printed replies, his accusations were very much resented by the 
seedsmen. Masters introduces one of his communications by this 
quaint reference to his own qualificadons as a pea specialist, "And 
first let me give you my pretensions to pass an opinion upon the 
matter, that, with your readers (to whom I am unknown), I may 
stand in a fair position. Be it known, then, that forty years ago, 
my father, of good memory, employed my then young eyes to detect 
the differences of the peas he intended for seed, and many a patient 
hour was devoted to this most necessary of operations under his 
^idance (1850). Masters also claims (32) to have raised four 
distinct suh-vanetics from one plant_ 
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PliulU bearing bltic and round seeds. 

Plants bearing blue and wrtnlilcd seeds, 

Plants bearing white and wrinkled seeds. 

Plants bearing white and round seeds. 

The retnaikable part of Master's claim, however, is that though he 
grew the four varieties separately for several successive years, each 
kind aln^ys produced all four kinds mixed together. In other words, 
not one of these varieties bred true as regards the four characters 
mentioned, while according to most of the recent studies, wrinklcd- 
ness and green cotyledon color (blue) should be constant. White 
(gS) has recently secured results which possibly may throw some 
light upon Masters s edaim as far as the inlicri tance of cott'ledon 
color is concerned. 

Though facts were apparently plentiful (such as they were), re¬ 
garding the effects of environment and the heredity of characters 
in peas and other plants, efforts to formulaie them into a hw of 
hefedity that would stand the test of experimental Inquiry were, 
prior to the studies of Mendel, apparently futile. Heredity, says 
an old ivriter, is a collection of facts without laws, while Balzac 
wrote " heredity is a maze in w'liich science loses itself.*' 

Men del’s own results on theinheritnaceof characters in peas w^ere 
published in an obscure Austrian natural history society's proceed¬ 
ings, and except for a few' lines in Focke’s book (:*8) on hybrids, 
and a bibliographical reference in Bailey's " Plant Breeding," they 
remained lost until rgoo, when the three botanists—Correns (14I, 
Tschennak (yS), and dc Vries (23.5)—rediscovered the bw and 
resurrected Klendels paper from oblivion. The subsequent impetus 
this rediscovery and resurrection gave to the scientific study of plant 
breeding is abundantly exemplified by the thotrsands of papers and 
books published since igoo containing results of experiments on 
hundrctls of varieties of plants and breeds of animals. In com 
alone, the inheritance of over thirty characters has been studied and 
found to be consistent with Mcndeliau principles. In tobacco, cotton, 
sweet peas, com, wheat, oats, and poultry results of considerable 
practical value have been obtained by the use of Mendelian methods. 

JROC. AMER. PItJL, SdC,* VOLx LVI+ dOp DEC£MS£r lOp 
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Menhel-s Law. 

Th<i fuddaniental principle of ^Icndelism is very siinplc and rests 
upon the assirmption that animals and plants are mack up of units 
(called factors* genes^ deteniiiners* etc.), and that these uniLS may 
separate in the formaUnn of the *' genri’^dls" (pollen and eggs) of 
the hybrid offspring without IiavLng had any permanent influence 
upon each other. The assumption that such Units Or factors exist 
IS based upon experimental data derived from crossing two plants 
or animals from true breeding strains differing in two or more char¬ 
acters and the growing of at least three subsequent hybrid genera¬ 
tions under approximately the same environment as the original tw:o 
ancestors of the o'oss. For exampLCp when two strains of peas, one 
constant lor purple flow^ers and green cotyledons and one constant 
for wliite flowers and yellow cotyledons, are crossed, the first or 
generation is uniformly all purple-flowered w'ith yellow cotyledons. 
Self-fertilized seed from any of these Fj plants, if sowti in suflicient 
nnmbersp will produce approximately 9Pfi.YC: 3Pfl-GC: aWfl.YC: 
iWfl.GC plants^ showing that the determiner for green cotyledons 
in addition to separating from its associate—^the determiner for 

yellow' cotylcdons—also is inherited independently of it$ ancestral 
associate—purple flower color. Mendel Inmsdf regarded purple 
and white flowers in peas as a pair of characters^ one of w^blch com¬ 
pletely dominated the other. Geneticists now largely hold to the 
presence and absence hypothesis, by wliich the purple is regarded as 
due to the presence of a factor or determiner for purple in the one 
strain and the white-flower characler as due to the absence of this 
determiner or factor for purple color. Data from generic experi¬ 
ments, most geneticists believe^ are more simply expressed by the 
presence and absence concept. 

Since the promulgation of Johamisen's genotype hypothesiSp 
many geneticists believe these ^lendelian factors to he umnodifiabk 
by selection and selecrion ilsdf to be but a process of sorting out or 
freeing hybrid or mixed populations from heterozygosis. 


Mendeljax Studies of Peas. 

Sixteen years have elapsed since the study of heredity assumed 
the dignity of a separate science under the name of Dur- 
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ing these sixteen years much has been accomplished through experi- 
tnental studies on peas and other organisms. Many eompHcations 
in the application of Mendel’s Jaw to data from these studios have 
arisen, most of which have sen'ed to place the Mendelian concep¬ 
tion of heredity on a stUI firmer foundation [see (6 l)], 

Among peas, over thirty-two differciit types of characters have 
been experimentally studied, amounting in all tO' over "5 single char¬ 
acteristics of Pifuftt. In about half the cases, the know^ledge gained 
is Somewhat fragmentary. In the other half, owing to the pains¬ 
taking work of Mendel, Bateson, VLImorin, Darhishire, Lock, Cor- 
retis, Gregory, von Tschermak and others, the characters have been 
put upon a factorial basis. In the list of characters studied which 
follows, the factors are designated according to the presence and ab¬ 
sence conception, small letters standing for absences. Where the 
use of the letters for the factors given by the investigator of the 
character concerned, is practicable, they have been retained. In 
cases where this is inconsistent with the scheme of a complete anal¬ 
ysis of the genus upon a factorial basis, new letters have been 

substituted. In many cases these refer to adjectives descriptive of 
the part they play in the formation of the character. 

In the case of some of the factors given in Tables I, and II., the 
data hardly justify their consideration. However, since the data 
uiJOu wdiich each factor determination is based are to be given in 
the following pages, the writer justifies putting them in the lablcs 
in the belief that further research concerning them will be more 
quickly inspired. 

For the cause wlifch this paper represent, it probably would be 
better if all the crosses thus far made were given under each char¬ 
acter description. Space at present, however, forbids this. So that 
in the follotving pages, under the character ticscriplion, will be given 
the varieties studied, the results of the crosses in terms of dominance 
and ratios, the factorial Interpretation, the effect of the environ¬ 
ment, if any, on the factorial expressions, and any remarks or ad- 
verse criticisms. 

Reciprocal crosses in plants give the same results in all but a few 
cases, and these few cases b Ffjwjji are described. Otherwise the 
reciprocal of a cross, although often made, is not spcdfically ctmsid- 
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TABLE L 


CUAXACT^ 17POX WKICB ExPERIliENTAL StUDVES HAtE BeE^ 

Eetexjded ENoi.^eiH (iK Most Cases) to Fom» Basis fqi Qksktic Factc* 

tUPlESElTTATlOJf. 



typt CfaflfUECf, ‘ 

and 1 

TulDCa. 

Rierenttcs sq hibakiffa^y. 

t. 

Seed cenE COtOf . i . 

Qpjli (browB to j-eHcnriili green. 

(l, 3, 3 , 14 . ai, 33 , 43 * 

3. 

Seed coat coUir 
paEtem 

Purple Fp04J. .. .. 

gray)*gcj (oo1orle»)p U (piittvfce)p 
Eight orange brown (Qpjilj, 
brown (GyJ) 

EF (purple ipot^L Ef, eFp ef (no 

50 . 54. SS, 7Sr 73. 

ii. E3 f po) 

ti* a, 3 . M. 31* 34, 43 . 


Violet . 

purple <pots) 

N (viatet efe)H it (absence) 

5L 54 . 55 . *3, 7P. Bi. 

83 .fi*. *9) 

m 


Black eye .. i h . . . ^ 

P\ (black eye)* pj (abMiice) 

ti4. S?^S.9*) 


MapUiiE.. li.... f n 

M (n:iApUna)p m (absence) 

(l. 3 . 31. 43 , 54 . B^r **5. 
«*) 

( 3 . 37.43- 54 . 55, 83 . 

w) 

(Tk 3, 3, 14. SOp31,a3^ 53. 


Seed coat flurfACt 

LiLx (indent), Ldi, l^Li (Hnooth) 


See4 shape + * p .. 

R (rnund), t (mngubif. -wTintJed)' 

S- 

Seed eise... 

(smooth) 

;Not sufficiently studied 

37. 43. 43 . 48 . 34 . S*- 

SP,64, 7J, 7P, 80, 81, 

83 ) 

fl. 57 - 5 . S3. 90 . 34 ) 

6. 

Cotyledon eator^ »| 

VGI, Vsi b-cllo*). VGl (stwn) 

U X, Jh 7 . M.JLiS. 33 . 

7’ 

Cotyledon starch 

R (simplp Qval), r {compOURdr 

5Stl*. 38 . 4^p 43 . Sa. 
53. 54* S*. 5*. *d. TS, 
go. gt* 83 . po. O^rOS) 
(Same b« No^ 4 ) 

S. 

S^urch modIfieTh.. 

round) 

Very ellaiitliy studied 

(4fi> 


Staneb water con^ 

R (low)» t (high) 

( 3 , 19 , Ji. J 3 - 39 . 48 ) 

10. 

EfUtE 

CoLyledon otarch 

R (bii:b)p r (Sow) (high sugar can- 

(Same B3 Nos. 4 aiid p) 

11. 

conEEDt 

Wet, eold weather 

cent) 

K (exCelEent)^ r (low) 

(Various freed^en) 

[1. 

fcriniiuLtlne ablU 
ity 

Pl9ni fhar^tdfri 

HcL^hE. .«p p p.. ^ 

Tl^ (tall), (dwjrf)^ tl^p. Tie, 

(i. J, 3 p 7p 4Ip S3, 31 h 

13^ 

1 Leaf nail ooioTpK*^ 

(half dwatf'br tails?) 

CD (culured axil)., od, Cd [no axil 

43r 49. 5*. 57. 54. 5 *k 
60 . 79h BOh Bi, i 3 , 8 ^, 
90 ) 

( 3 . I** 43h 34 * 53.56. *6. 

14 . 

Stein.. p PH ,H 

color) 

. ^ (cnn-fasciiiited), ^ (fasdated) 

74 , 3e, Eb) 

(i. 3. B-Si ai. as. 

74> 

(i* 3 . 8 . 5 , XI. 35 , 56 , 60 , 

74 ) 

(49. 54) 


Inflorescence. . + p h 

Jpa (axLllar>0« (umbcUaic) 

16. 

. fkem ihtckneas.. , 

, T (robust), t (flcnder) 

17 . 

[fiternode length 

. Lp (3ong), (short) 

{L49- 54p 78 ) 

J»- 

Time hi Uowcrizig^Veii^ comphciiietlp tiot fuSdenth 

' ( 3 -9.39k 40.54 43r49.54- 



1 studied 

do, 66 » 81 ^ BIp 84 . Bs) 
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Tjrp* nr Cfaftncitf. 

19. 

Piatti i^hmroiUTi 
FJffwera p«r 

aa 

pcdimele 

Leaf tcrmimilJ... 

¥T- 

Lfiaf iltr........ 


FolLaiC and HEEm 

n- 

olor 

Bloom. . . 

34. 

PnKJuctivity. ., . , 

1 

FUfw^ £kaitcet<T 
Flower wlor..., , 

36. 

Color.. 

37- 

. 


Shape. .. 


"• CheniUt 

30, 

Fod texture^. ^.., 

31. 

Edible.. 

33. 

Curi*«t Dr.pmilght 

33- 

Brwid or Eioxfow . 

34- 

RJjMlliDg. ,,,,, ^, 


MBd itHir C«m|Kiq4nci|t 
F«aon 


Rd’amcc K BiiUHipmpbjr. 


Fji (one fiawKt or 1-3 i\tsWmh fpAso} 

(twcy-ltim flowerp per pcijqDc(?)f 

Tj (t«iul 4 : 4 la), y (mj te&djllB, Aii^aclaj ( 64 + SJ, &o. 00 ) 

^Oi pufiidjcntly PiudM (i|a» 54) 

O (Jtrtcii), 0 {yelj<hw) (3. * 1 . 43 . 6|») 


(gisueoul). Ww, BJw, WW 

(alabrauf) 

Very complex, ace au^ciently 


{»6. po* pa) 

(3^ 44. 54. 66 , 68-^0, 

93 . 


AE (p^leK Ab (nose of pink). (i,x, j, 16. ai. 33, 40,5, 

aB. ab (white) 4 j, s^- 56 * 60 , 7 ^. »t. 

£3 p £3. 84. a j. £6, pq) 


PiPa (pyrpte}, Gp Cgittn)* gp^ 

PiP» (yetlow) '' 

Bt (blunt), lit (ecutej 

PV (ttnmd* ^coch^ iii£ated), pv, 
Pv, pV (coiutrktcd) 

S (lfn!c)» « (-chenilie) 

PV (pArchiRcnt), pv, Pv, pV (mm- 

ptll^inmted} 

FV (ndD^edilale)^ Pv, pv, pV 
(edible) 

Not su^lently studied 


£ 3 , M, af,ea, 34 , 43 . S 6 . 

fto, 83, 86. po) 

[t. 3 . 5. 4 ^. 54 * 36,80, 
£t) 

(i*a, 3, 31 , la, 4J, 5^^ 
56 . 60 * Bo. 81 , S<K, po, 
») 

Ces) 

(Sbidc a- NOr 38} 


(Same » Nd. at) 

(S) 

( 43 r 34. 36 , td. 81 , 90 ) 

(43.77) 


ered. \\Tier<s the expressions constant or breeding true are used 
in regard to inheritance of characlets, mutation phenomena are 
always excepted. 

T.ABLE II. 

List of PifWjK Factors, Alphadeticallv ARttAsezo, and Tiina 
CoutESPONDiNG Character Expressions. 

Factor. E 5 (prcaiiDtL 

1- A Salmon pink or rose flower color. With CD gives 

reddish leaf axils. 

2. B Purpling factor + A gives purple floivers. With CD 

-FA gives purplish leaf axils. 

3. ^ Glaucous foliage, stems and pods (with W'). 

4 ' Bt Pods with blunt apex. 
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5 - CCA) 

6 . D 

7. E (A) 

8 . Ef 

9^ F 
iOi Fa 
11. ^ 

13 . ^ (A) 

13. G 

14. 

15. 

j6 . I 
17. J 
iS. K(?) 
15, L, (A) 
20. L, 

31 . Le 

22, Lif 

23- M 

24. N 

23. O 

26. P 

27. Pj 

25. P, 

29. ri 

30. ^ 

31. s 

32 - T 

33- TI 
34. U 
33- V 
36. W 


With D gives leaf axil color. 

With C gives leaf axil color. 

With F gives purple dotting 00 seed coats. 

Modifies the expression of Lf toward earlier fiower- 
ing. 

With E gives purple dotting on seed coats, 

Axillarj.' flowers^ round stems. 

One-two flowers per peduncle. 

Yellow'ish green to grayish brown seedcoal color 
(weak chromogen factor], brown hilum. 

Green co^’ledon pigment. 

Green pod color. 

Brightener or inhibitor of expression of Gc, 

Factor which causes green cotyledon color to fade. 
W'ith Gc gives dark brown seed coat color. 

Partial inhibitor for R (starch) * 

With Lg giv^ indent peas. 

With L, (A) gives itident or dimpled peas. 
lj?ng intemodes; with T gives tall plants. 

Primarily responsible for late flowering* 

Brown or maple mottling on seed coat' or "ghost 
mottling*' in absence of 
Violet eye on seeds. 

Green foliage, stems, and pods. 

Inflated^ parchmented^ non-edible pods with 
With Pg gives purple pods* 

With Pj gives pnrpk pods. 

Black eyed peas. 

Round, smooth seeds with slmplCp oval starch grains^ 
low water content. 

Pod^ with seeds separated or free. 

Talh robust plants; large number of internodes (over 
20). 

Leaves with tendrils. 

Dark self-colored purple seed coaL 
With P, parchmented, smooth pods. 

With ^ gives glaucous foliage, pods, etc. 


WHITE—STUDIES OF INHERITANCE IN PISUM. 505 


Factors A, Q E, ^ and so far as our present knowledge is 
ooncemed, appear absolutely coupled and it is inuch simpler to regard 
them all as one factor {L e.j A) with many separate expressions. 

i. Stem Coat CotJORE. 

The seed coat characters include the various testa colors and 
patterns. Testa color and pattern are so closely associated that they 
are described togelher. Unlike similar patterns in seed? of other 
plants, such as beans, the colors do not appear to be independent of 
the pattern^ except possibly in the case of the eye or hilum pattern 
color- One never finds purple marbling or mapic-brown stippling 
among the seed coat colors of Pistnn. The stipple pattern is always 
purple and the marbling pattern is always brown. The seedcoat 
colors of the varieties of i>cas thus far genetically studied are five in 
number—colorless to greenish white, deep to pale green, dull green 
or gray to brtek red or grayish browTi, dark brown, orange brown 
and violet or dark purple. 

Colorless seed coats are always associated with, white flowers^ un- 
colored leaf axils. When such seed coats are separated from the 
rest of the seed, they are somewhat transparent with traces of 
yellow^ and green present. This is the common seed coat color of 
white-flowered varieties. 

Creett seed coats genetically are at least of two different kinds, 
one common to w'hite’-fiowered varieties, such as the Imperiab (21) p 
Fillbasket and Telephone (i) ; the other present in a variety with 
colored flowers and received under the erroneous name of F^Jontardi, 
In the first case^ the green testas may bleach on ripening, especially 
in piebald cotydedon sorts such as Telephone Fiflbasket testas 

(i) rarely bleach. Nothing is knowm concerning the genetic be¬ 
havior of the Jomardi f type. Telephone green is soluble in 
alcohok 

f 7 roy seed coat color is always associated w'ith colored flowxrs. 
The color varies from dull green through gray to brick red to dull 
browTii the variation resulting from environment. The redness 
and browmness are due to exposure to the sun or moisture w^hen 
ripening (i)* In dull years^ Bateson says scarcely any turn red. 
Peas growm in the greenhouse and harvested in winter very rarely. 
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in my experience^ turn broviti or red. The red can be eliminated by 
boiling, which will leave the seeds thus treated gray (l)* Gray 
chemically (55) is delemimed by a greenish pigment conlained in 
aU or almost all the seed coat cells. With hut three or four possible 
exceptionSj all colored flowered varieties have seeds with gray pig¬ 
ment. 

or light yellow' orange seed coat color is charac¬ 
teristic of several varieties of field peas with colored flowrers de¬ 
scribed by Tschermak (86) as P. un e 3 isc nos. VI., IX. and X. Wiih 
age and exposurep they turn browner. 

Dark bratvn seed coat Ls a dark chocolate brown typical of the 
red-flowered Kneifel pea whh purple pods experimented with by 
Tschermak (86) and Haage and Schmidt's Kapuiiner. 

ywlet or dark purple seed coats are of two different kinds, one 
apparently what Emerson (27.5) would call a recurring mutation, 
w-hich results from an extreme variariou of the pnrpk spot pattern 
to a self-purple and the subsequent breeding true of them (34). 
The other iyp^i of purple seed coat is a constant characteristic of sev¬ 
eral varieties of field peas, particularly of No. 24894 (29), the ** black 
Abyssinian** pea of the U- S- Department of Agriculture. The 
genetics of the first t}T>e is taken up under the seed coat cxilor pat- 
tenu of Pi jam. That of the latter type is only mentioned, so far 
as I am aware, in Vihnorin's list (90) where it is recorded as a 
dominant to various other seed coat colors. 

Tlic seed coat patterns of Fijum are three in numtier'—a purple 
stippling or dotting, a brown marbling^ and an eye pattern, 

Furpie dofHng or stippling is only found in association with races 
with colored flow^ers and gray seed coats, although many colored- 
flow^ered varieties do not have seeds wdth purple dots. The dots 
themselves often transgress the limits of dots, resulting in splotches 
and, in extreme cases, wholly self-colored peas (i, 22, 34, 

86), In the $eeds with gray seed coats which have turned red or 
brow'nishj ihe ptirplc dots are often obliterated (t). The purple 
color according to Lock (55, 56) is a cell-sap pigment, confined 
to certain large cells of the sub-epidermal layer. This fact accounts 
for its diffusion into blotches and traces and its complete oblitera¬ 
tion when the seeds are left exposed to damp, sunslituy wcaLlier 
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conditions. Fruwirtli (34), Itowcvcr, describes this pattern in tlie 
BUiuhulsige TOriety as due to brownish, vvea.k violet pigment 
granules in the palisade cells. Lock says this pigment is easily sol¬ 
uble in boiling water. 

Browfi morWiitp or the mapte pattern, as the English call it, is 
associated only with colored flowers as far as the color is concemetl 
Lock^ however {54, 55), finds the pattern itself (*'ghost mapling'') 
without coloring, may be associated with white-flowered plants. The 
brown pigment of the maple pattern is largely confined to the cell 
walls of the outermost layer of 1 -shaped testa cells (55), The 
pattern color deepens with age and is insoluble in boiling water. 

The caior pattern is cbaractenstic of both colored and 

white-flowered pea races. The color is present as a deep black at 
the point of attachment, with a dark sOot>' tint usually present over 
the seed as a whole. Some varieties have browTi coloring (81) in 
place of the black while other varieties are without color at this spot. 
The brown hilum color according to Tsehermak h always associated 
with colored flowers and colored seed coats, 50 it may be consid¬ 
ered as simply another of the numerous expressions of factor A* 

Fm/rf eye is due to a violet hiltini pigment, characteristic par- 
licularly of a race of Victoria peas with which Tschermak experi¬ 
mented, 

Browti marbling, purple dotting or stippling and black eye may 
all be associated in the same pea seed coat. In fact, a couple of 
wild species obtained direct from Asia have seeds characterized by 
al] three of these color patterns, 

VAHIETrES StIJDI^, 

Varieties with colorfcjj or almost Colorless seed coats as de¬ 
scribed under colorless 3 Grunbleibende Folger, EMsirat, Auvergne, 
Yellow^-podded Sugar Pea, Express, Emerald, Victoria, Svalof Small 
Green-seeded Pisum, Prince of W'ales (Tschermak, Si, 86 ) ; Grim 
Spate Erfurter Folgcr (Correns, 14) ; Laxton's Alpba> Veitch's Per¬ 
fection, SunrisOp British Queen, Victoria Marrow^ Tres nain de 
Bretagne, Earliest Blue, Ceylon Native No. 1, Saiisfactioiit Ring¬ 
leader {Lock, 54, 55, 56); Serpette, British Queen, Victoria Mar¬ 
row', Ringleader, Nain dc Bretagne (Bateson^ et aL, l), WTiite-flow'- 
cred Mummy (Macoun^ S7 5 )- 
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se€d caat varieties; Tdcgtapli, Telephone, Fillbasket 
(Lock, Bateson and Kilbjv S4)- 

Gray seed coni^ violet stippHiif i Graue Ricsen. Svalof F. am, 
IV. (Tschemiakp 81, 86) ; Sutton's French Sugar Pea (Lock, 53); 
Blauhiilsige (Fniwirth, 34), 

Gray seed maple fuarfaling: P. arv., IX*, P. X, (Tschet- 
mafcp 81, S6) - Irish Mummy (Butc$on, i). 

Gray seed caat, violet stippling, maple imrblinf: Ceylon Native 
Pea No* 2 (Lock, 54)* 

Gray green, bright orange tint: Svalof F. aru., VL, P. No. 
VII., P. IX. ?, P* an.\, X. (Tschermak, 81-^) ; Pahlerbse with 
purplish pods, Purpurviolettschottigeii Kneifelerbse (Correns, 14). 

Dark brown seed coat: Red-flowered Kneifclerbse with purple 
pods—Tschemiak, 86. 

EroTxm /liiiini; P, arv., VL, P. arv., VII,* P. ortN, VIIL, P. urtf., 
X,—Tschermak, 81, 86, 

Violet eye: P* oru. No. IX.^ violet-eye Victoria—Tsehertnak, 

81. S6. 

Btaek eye: In mo^t cases varieties not given. Black-cyed Mar¬ 
rowfat—Macoiin, 57.5? Haagfi & Schmidt^s Kapuriner, Bobnenerbse 
(H. & S.), Lyngby Fall Pea (U* S. Dept, of AgT.)> Benton (U* S- 
Dqjt.)i Prince (S. P* I. 22046, U. S. Dept.)^—White (unpublished 
data). 

Results fhom Crossing. 

Colorless X colorless seed coat always gives colorless or trans¬ 
parent seed coats (i}* 

Co/prlcjj X green or white (opaqtie) gives various results, but 
never fully opaque seed coats. In some coses the Fj hybrids are 
colorless, in others intermediate as regards opaqueness and the 
presence of pigment. * 

Opaque X opaque (i) always gives F^ progeny with opaque seed 
coats. 

Colorless y, gray brown seed c&at always gave all gray browus 
in In the generation, the following results have been ob^ 
tained: 
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tnrrftrflnr.. 


Cntorlca, 

Ttrid. 

Ritkk 



aj4 

939 

3 . 1511 

Locltl.* + 4 ,, T-, I- «■ - - - I 

fi7 

S4 

III 

3 . 6 a 1 1 

Biiid ........ 


1 19 

69 

3^*1 ? i 

1 

I 841 

3*7 

r.ia^ 1 


r^dckF,. . . ......1 

1 »3i 

S5 


3 . 7 T: t 


fcneradan grown by LinJi but ictuaJ figures not reeorded. 

In addition to the figures given above are tho^e from crosses 
made by Correns. Tschcntiak and others. These data are omitted 
here because either the exact figures are not given in the original 
papers or that these figures are scatlered through so many papers 
and so often repeated as to make their accurale collection imprac¬ 
ticable. 

In Fa, a certain proportion of the Fj segregates with colored 
seed coats breed true* another portion break up* giving again the 
3:1 ratio, while the segregates with colorless seed coats breed 

iruc. 

In certain crosses made by Tschermak (86) between colorless 
and gray broivn (whitish brown) seed coat varieties, Fj progeny 
with dark brown seed coats >vorc obtained, which in Fj gave dark 
browns, grays and colorless seed coat segregates, approx iitiatmg the 
proportion 9:3:4. 

X gray seed coat with purple dots gives in the next 
(F^) generation, all gray purple dotted seed coats. In F., the fol¬ 
lowing results have been obtained: 


J Wrivdfslcir. 

Gnjr idiil l^lirpJc 

Omy. [ Wlidsb 

Totii. 

* Rubow 

(53.54)..^^.^. 

6 S 

19 1 H 

Xtl 

9 :5.7 

Tflchemuik (S*) ..,« 


46 

**7 

9 : 5 -S 


Fj heterozj^gotes in gave: 


lAV^fBinr. 

CtKy iad Fsit»k 0^. 

Cfty. m 1 

1 WbJi*. 

ToUmL 

lUfita. 


17 S 

S3 

S5 

3t$ 

9 


In F^^ Lock (55) tested out the genetic nalure of non-purple 
dotted colorless seed coat Fa segregates which bad bred true m F* 
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by crossing them with segregates btn^eding tme to gray 

seed coat color. 

In F^p from 6o crosses of colorless F* X fray F*, 

9 crosses gave 21 gray purple dotted : 23 gray, 

23 crosses gave only gray puffde dotted ^ 

28 crosses gave only grays without purple dots, 

Tscherinak (86) has made numerous crosses between pure varie¬ 
ties and extracted and segr^tes with and without die 

character purple doitiog. In these crosstSp cohricss X gray without 
purple dotting in some cases gave all purple dot progeny in 
(agreeing with tlic results of Lock's crosses above). In other cases, 
using difFercnt varietiesp Tschermak always secured only non-purple- 
dotted pre^eny both in F^ and in F^, except in certain very excep¬ 
tional cases. In these exceptional cases purple dotting appeared 
sporadically on the seed coats of gray segregates which had bred 
true to a self gray for several getierationSp while on the other hand 
there were cases in which purple dotting was expected, but failed 
to appear when certain crosses w^cre made (86, S- i6d). Varieties 
(86) practically breeding true to the absence of purple dotting also 
occasionally have a few seeds with purple do:s, and these appear 
on plants the majorit)' of the seed of which is without the purple 
dots, 

Cp/flrLwj X orange-brown or greenish orange tinted (r. P* 
erzf. Svalof No, VI*) gave in Fjt in Tschermak^s experiments (86) 
prt^eny with dark brown seed coats wdtli purple dots. In F^, 4 
classes appeared—dark brown wdtli purplish reddish dots, dark 
brown with no dols^ whitish brown (gray) with no dots, colorless. 
The numbers were small, hence the ratios are not of much im¬ 
portance, except in showing that the dark browns were in greater 
number than the other tw^o classes. The gray segregates were con¬ 
stant and in back-crosses with the colorless seed coat parent gave 
only dark browns, grays and colorless seed coat segregates, with or 
>vilhout purple dots, as in Lack's crosses of F| colorless and F* 
gray seed coat segr^^tes given above. If large enough numbers 
had been obtained Tschermak (S6^ S. l 6 l) believes the orange- 
tinted grand parental typ^ would have appeared again, 

Correns (14) erossed a colorless seed coat variety with livo 
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varieties having oraige-red seed coats and obtained m progeny 
with seed coats varying from almost colorless ? to intense orange- 
red—the vaHation in coloring often occurring tn the peas of the 
same pod. All were more or less purple spotted These gave, in 
Fjp 3 dasses^ the two grandparental types and the type. Tlie 
statement regarding the presence of purple dotting on these Fj 
segregates is rather obscure. 

{S3t p- 326) does not consider orange-broi^Ti testa color as 
a separate character from gray-colored testa, and Bateson thinks 
Corren's exceptional results in F, of the cross just described may 
he due to mvironment. The writer has distinctly orange-red seed 
coat peas with white flowers in his collection from Qiile and he 
hardly believes that present data justify Lock’s contention, because 
these peas do not mature a^ gray under the conditions in which ordi¬ 
nary gray seed coat varieties have gray seeds. 

Co/orsfm X dark brown seed coat varieties should according to 
Tschermak's fonnula for at least one such variety [redii Kneifel- 
crbsc, S. iSi (B6)] give all dark brown swd coat progeny in 
with or without purple dots, depending on ihe colorless variety used. 
3 have not, however, been able lo find the published rc?cord of the 
data upon which this formnla is based. True breeding {86) dark 
brown seed coat segregates crossed with colorless give dark brown 
in Fj. 

Colorless with maple pattern gives in F^ n^ap]e pattern 

either with or wnthout purple dots. Tlie presence of the purple 
dots ill F, of such a cross as this is altogether dependent on the kiud 
of colorless seed coat variety used, as the genetic evidence from 
Bateson (i), Tschermak (86) and others shows that a gray maple 
jiattem seed coat variety may be crossed wiih colorless and give 
maple and purple dots. The same maple variety may again be 
crossed with a colorless, but this tune a different one and give only 
maple. Bateson (l) found British Queen to be a colorless seed 
coat variety of the first type and Victoria one of the second type. 
Tschermak (see Bateson (i)] secured 2 eases where Victoria X 
unspotted varieties gave purple spots in F^, while reciprocals of the 
same cross gave unspotted seed coats. In Tschermak's latest pub¬ 
lication (86) on the subject, two varieties of Victoria are recognised, 
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one of wliJch wiU give purple dots in as above and one of whsdi 
would only give maple as found by Bateson. 

Tschermak (86) secured in from maple X colorless, brown 
maple seed coat without purple specks. These gave in 
52 maplesj 17 dark brown seifs; i ghost maple: 6 colorless. 

In F., 

Fa iiiaples gave in one case all 4 classes; in another case only -2 
classes—maples and colorless. 

Fa dark browfis gave 6 brown: 1 colorless in one case; in auotlier 
7 browns: I colorless. 

Fa ghost maple gave 9 ghost maple; 3 colorless. Ghost maples arc 
hard to distinguish from whiles, so Tschcrmak believes the 
Fj classes above approximate the ratio 9 maple;3 brown:3 
ghost maple: i colorless. 

Fa ghost fHOph segregates Xa pure colorless race gave 

in Fj, 4 ghost maples 12 colorless. 

In Fj, one of these ghost maples gave ghost maples which bred 
true in Fa and F*, while another one {"spur” ghost maple) gave 2 
like itself and 7 without mapling. One of the colorless Fj^ indi¬ 
viduals gave 2 ghost maples and 6 colorless. In a similar crosSp only 
spurious ("spur”) maples and colorless were obtained in Fj, the 
"spur” ghost maples giving 2 "spur” maples:7 colorless in Fj. 
Tschermak belteves these "spur" maples are due to the inactivity 
of the determiner for mapling. Fruwirth and Tschermak both have 
observed exceptional cases w'here mapling has appeared in the 
descendants of non-niapled peas. 

In back-crosses of segregates from maplcd ancestors, 

Brown X colorless never gave maple, 

Brown X brown never gave maple. 

Certain peculiar ghost maples on plants with rose or pink flowers 
X while-flowered ghost maples gave in F| and F, no maples. 

In reciprocal crosses between segregates of P* arv^ X P- sat^ m- 
volring the maple pattern^ F^ brown X ghost maple and reciprocal 
[Tahle 22 (S6)] gave in F^, except in one case, always browns, the 
exception giving 5 maple: 4 purj^c dotted non-maple. In Fj, in 
some cases, the browns bred true, in others Only brown and colorless 
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resulted; while still others gave maples, browns, ghost ompks and 
colorless. One of the !as^ type gave 20 maple:6 brown:5 ghost 
maple:5 non-mapled. Non-maple X non-maple segregates involv¬ 
ing maple Or ghost maple ancestry [Table 23 (86)] gave no maples 
in 

Lock's (55) results axe in general accord with Tschermak. 

Map(e X colorless gave in nupk. In Fg* 38 maple: 12 gray: 
19 colorless were obtained^ approximating a 9:3:4 ratio. 2 of the 
19 colorless had ghost maple seeds^ but there should have been a 
large proportion of these ghost maples. Lode says ghost maple is 
for some reason almost unexpressed in this particular cross (maple 
X Victoria Marrow). 

Crosses of offspring of all 19 colorless with cither pure strains 
of gray or gray with purple dots (no maple) resulted in 

7 colorless producing 17 maples 115 noiiHiiapled. 

22 colorless producing all maples (over 50)^ 

7 colorless producing all non-mapk (over 26)* 

Ctfforferj X maple* purple spots gives in always gray 
with both mapling and purple spotting. In Fj, Lock (55) obtained 
11 gmp:2 gnn:6 gp:2 g:4 white or colorless (one of ’which was 
ghost mapled)* 

In Fg* 467 offspring of these various classes were grow’^n, none 
of w^hich gave results in opposition to the interpretation of the 
genetics of seed coat colors given at the end of this review. 

3 gmp Fj plants gave: 

82 gmp-20 gm:2i gp:9 g: 37 colorless 
Ratio, 27 : 9 : 9 :3 :i6 

Expected* 71,3 :23^8 :23.8 :7,9 :42-2 

4 gmp Fg plants gave : 

75 * 24 gni: 48 colorless 

Ratio, 9 13 14 

Expected, 81 :27 136 

F* whites derived from F* segregates of the cross just described 
were crossed with F^ grays derived from the same source. 
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In 6 3Udh crosses gave: 9 maples: 14 non-mopled, 

28 such crosses gave all maples (over 75) ^ 

27 such crosses gave all non-maples (over 75)- 

Col^rl^ss X purpk is only mentioned hy Vibstorin (90), in which 
purple is said to he dominant. 

t 7 rfly X £Tayp according to the data of Tschermak and Lock, may 
give only gray in Fj, F^ and succeeding generations. 

Gray X gray with purple dots, excluding exceptional cases such 
as arc nicntiDned under colorless X gray with purple dots, alivays 
gives gray with purple dots in and grays with and without purple 
dots in Fj in an approximate ratio of 3:1* The purple-dot paltern 
in the F^ of both these crosses and those of colorless X gray with 
purple dots is much intensified, and in both cases the stippling pat- 
teni may vary so as to produce peas with wholly purple seed coats. 
Those are found sometimes in pods containing some purple and 
some purple-specked seeds. In other cases a whole pod of a plant 
may contain all purple seed coat peas. Occasionally a seed may be 
half purpk and half gray or maple. Fj plants from seeds with 
purple seed coats do not give results difitering from the purple 
stipple seeds. Bateson (i) thinks such purples are not present in 
pure stocks of purple-specked seed coat races, and that crossing in 
some manner promotes their lappearance (see Darvviu, Bateson, 
Lock, Tschermak, Fruvvtrth for further data on this 5ubj«:t)+ 
Fniwirth (34) experimented wdlh the variety Bkuhiilsige, a purple- 
podded race of pea$, w^hich had m respect to seed coat color, four 
types of peas on the same plant, often mixed together in the same 
pod. These were either pure yellowis^h green, yellowish green with 
purple flecks or dots, purple with small greenish yellow^ flecks^ and 
self purples, in respect to seed eoat color. These are evidently de¬ 
grees of variation of the same character. As they occur in a pure 
variety, Bateson's belief as to the effect of crossing a$ a stimulus 
to such extreme variation is not supported. Obser^^cd also by Lock 
OR both pure and cross-bred strains (56). 

^'™vXgray with maple marbling gives in maple marblingp 
w hich In F* in si mple crosses give^ 3 maples: I gray, How'ever^ 
such simple crosses are rarely to be had and the crosses usually in¬ 
volve the purpic-doited pattern. 
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Cray with j>arfrte‘ i/ufjXgray with marbling gives m Fi 

gray, purple~dotted, iruplcd seed coats. In F,, Tscheniiak obtained 
13 gpni ; 13 EP; 12 gm : 2 g. From segregates similar in genetic com¬ 
position to the Fj, Taclicrtnak (86) secured 

in Fj—29 gpm!9 gp: i6 gmi6 g, 
in F*—20 gpm:9 gp:i2 gin:l g, 

making in all three generations from plants or segregates of the 
same composition, 

62 gpin:3r gp:40 gm:9 g 

Expected, 79.8 gpm :264 gp;264 gmiS.S g 
Ratio, 9 gpm: 3 ifp: 3 gtn;j g 

Approximation, 6.9 gpm: 34 gp: 44 gm: r g 

As maples and maples with purple dots are often hard to sep¬ 
arate, the disproportion of gpm and gm may be due to this difficulty. 
9 of the F, gpm were tested and in 

„ I gave all four classes, 

1 gave gpm, gm, g (brown self), 

4 gave gpm. gp. gm, 

2 gave gpm, gp, 

T gave gm only, only one plant being grown. 

Bateson (i) crossed gray with purple dots X maple (Irish 
Mummy). Fj as given above and Fj resulted in 4 classes, no ratios 
or numbers given. The 4 classes are brownish gray with purple 
dots, maple and purple dots, maple, gray and light purple specks. 
The first and last classes are probably the same, the difference re¬ 
sulting from environment. Great difficulty is experienced in dis¬ 
criminating between true browns and brown due to weathering. 

Gray leith purple dots X self purple gives in Fj, self purples 
(34). in F, these gave; 

35 self violet or purple: ii gray green, violet dots; 3 gray green. 

The maternal parent of this cross had seeds varying on the same 
plant through all these classes. The paternal parent was a self- 
violct variety. 

raoc. Avex. PHtt, soc;, vou lvi, mr, DzcEiiuss le, igif. 
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Vilmorin (90) also notes tlmt sdt violet is a dofiiinant to the 
various testa colors. 

Brtnvn hilum h always associated with colored flowers and ap¬ 
parently gives a simple 3: t ratio in with dominance in Ff 
Black eye pattern, according to Correns (14), is both dominant 
and recessive in in. crosses involving it$ presence and absence. 
Black-eyed Marrowfat X white-seeded Mummy (S7 S) presumably 
gave only blackeye in and three classes of segregates“black 
eyed* sooty whites, and whites or colorless, Vilinorui (90) lists 
blacteye as a dominant. Blackeye is associated with both colorless 
and colored flowered and seed coat races, 

Violet eye (86) X non-viokt eye gives all violet eye in In 
F-, Tschermak's crosses gave 53 violet eye 133 non-violet eye. a 
ratio of 2.3:1, approaching nearest to the 3:1 ratio. In F., all F. 
non-violet-eyed segregates tested, bred true. Two F* violet-eyed 
segregates in gave ’/ violet eyed:6 non-violet eyed. Non-violet- 
eyed races crossed \vith non-violet-eyed segregates from violet-eyed 
and non-vtolet-eyed ancestry gave aiw'ays non-violet-eyed progeny. 
Non-violet-eyed segregates from crosses involving violet eye always 
gave non-violet-ej^d progeny. Fj non-violet-cyed segregates X 
heteroKygous violet-eyed segregate gave 5 violet-eyed: 3 non- 
violet-eyed offspring. Total results obtained by adding together all 
progeny of heterozygous plants in Tschenmk’s data give 7S violet 
eyed:3s uon-viGlct^ or a ratio of about 3: i. 

Violet eye, as is also prestirrtably true of black eye, is not coupled 
in its inheritance with the substances which determine fiow*er color, 
seed coat color, seed coat pattern and leaf axil color. Sufficient 
proof of this statement is given by Tschcrtnak^s (86) experiments. 

All other seed coat patterns arc associated in their inheritance 
in one way or another with the causes w'hLch determine die gray- 
brown colors of the seed coats, the color of the leaf axils, and 
flower color, Mapling, although a character inherited independently 
of the characters just enumerated, as shown by Tschemiak and 
Lock* is largely de^jcndent upon them for full expression. Purple 
spotting and gray are absolutely associated with these characters. 
Brown hilum color is also coupled with colored seed coats and col¬ 
ored flowers. Colorless seed coats, on thc: other hand, are always 
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associated with white flowers* These various associations of the 
characters just nientioocdt in their mheritance are, so far as our 
data go, obsahtely without ejcception. 

From the foregoing array of facts one may gather that the 
heredity of seed coat color is somewhat complicated as compared 
with that of other pea characters, but this is Largely due to the ease 
with which such characters can be studied and consc(|ueiit1y the 
amount of work that has been accomplished on them* 


iNTJtRFRETATION. 

From a Mcndeltati standpoint, the heredity of seed coat color 
and pattern, as deduced from the foregoing mass of data, is com¬ 
paratively simple, 

Brownish, grayish green or gray seed coat color may be repre¬ 
sented by the factor ^ which is absolutely coupled with the factor 
A for colored flowers. In Uie absence of Gc, seed coats are color¬ 
less. The factor J acts upon ^c so as to'producc dark chocolate 
brown. It is independent of ^ or A and is carried by either 
colored-flowered, gray seed coat'^varicties or white-flowered, color¬ 
less seed coat varieties. In the latter, it remains without expression. 
The orange tint or color is regarded by Tschermak (86) as due to 
a factor H, wliidi alters the gray color to orangc-red or orange- 
yellow. So far H has not been found tn white-flowered races 
though there is reason to suspect its presence there (see p* 511). 
The factor U, which provisionally stands for self purple seed coats, 
is also probably coupled with A, although there are very little data 
on the subject* Varieties w'ith colored flowers then, carrying only 
the factor Gc, will have gray seed coats; if J is added* brown seed 
coats, if both J and il are added still brown seed coats, but if J is 
eliminated and only & and H are present, orange seed coats* If 
the factor U for seirpurple is added to Gc, the seed coat is self 
purple. No data are available as to other c^binatioiis of U. 

Purple spotting is represented by Tschermak (86) as due to two 
factors, one coupled absolutely with A and the other independ¬ 
ent, hence present in twth while-fiowered'"and colored- flowered 
varieties. Lock {54, 55) represents similar results by one factor 
operating only in the presence of the factor for gray seed coat color* 
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Representing; purple dotting by one factor siTiiplifics. the interpre- 
tatinn and amounts to the same thing Tschcrtnak's two factors 
since he regards one—the factor E—as absolutely coupled with Gc 
and A. The other factor (F) is inherited independently of Gc and 
A, hence may be present in cither varieties with colored flowers and 
colored seed coats or in white-flowered ^-arieties with colorless seed 
coats. As It expresses it&elf only in the presence of Go, its presence 
in white-fiowered races can only be determined by crosses with non- 
purple-dotted gray seed coat races. The exceptional cases noted 
above where purple-dotted seed coat fails to appear w^hen expected, 
are interpreted by Tscherniak" (86) as due to lack of interaction 
between the factors F and ^ even though both are present. Non- 
purple-dotted seed coat races then may be either Gcf (Ef), gef, 
gpF—the first colored floivered and the t’ivo latter with white floor¬ 
ers. &F (EF) 5 s, exclusive of the exceptional cases iiotcd^ ahvays 
purple dotted. 

‘Mapling is represented by one factor (54, 55, 86) M* w^hteb 
completely expresses Itself only [n the presence of Gc, but which 
may give a faint expression (ghost mapling) in gc iivhitc-flowered 
races. Exceptional cases similar to those found in connection with 
the inheritance of the purple dot pattern are interpreted by 
Tsehennak {S6) in the same way, namely the disassociation in the 
same plant of M and Ge. M is inherited independently of Gc, F, 
N and probably Pi, ^ 

Brown hilum color may be regarded simply as another expres¬ 
sion of ^ since they are absolutely coupled. 

Black eye and violcL eye* so far as present data go, are to be re¬ 
garded as due to the factors Pi and N, both of which are inherited 
independently of F* and of each other, and able to expre$4 
themselves in either w^hite- or colored-flow^ered races. The dom¬ 
inance of black eye over non-black eye in one cross and its recessive¬ 
ness to non-black eye in another cross involving a difFcrent non- 
bkek^yed variety is to be regarded as due to the interference of 
another factor or factors not yet delineated- 

Data as to the relation of these various factors to each other in 
inheritance are still much to be desired, especially in ihe case of Pin 
II, H and J. Wink Tschcrmak has done much toward throwing 
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light on se-ed coat color and [xatturn inheritance through znaking all 
sorts of crosses, hackH:Tosse5, reciprocal crosses and so on, his num¬ 
bers in most cases have been lamentably small, consequently the 
approximation to the expected ratios on which the factor represen¬ 
tations are based has not been close, and such ratios as s: i tvhere 
3:1 were expected are compamtively common. 

The above interprctatioiis accotinl for practically all die experi¬ 
mental data on seed coat color in Pisiim, There are no data, 50 
far as I am awarci opposed to these interpretations, barring the 
smallness of the numbers by which the poor approximation to ex¬ 
pected ratios is explained. 

2, COTYLECOX COLOtt. 

Varieties and species of Pfjiini as regards the cotyledon color nf 
the ripe seed may be divided ronghly into two clajises—those wdth 
green cotyledons and those with yellow cotyledons. Betw^een die 
extremes of these two classes, there are all gradations of cotyledon 
color from the darkest green through light green, yellowish green^ 
green piebald with yellow spots, light yellowp bright yellow and dark 
orange yellow. Each of these classes is characteristic of a certain 
group of varieties, cadi variety possessing and breeding true to one 
of die above colors and to no other. Environment may alter the 
color generally characteristic of a variety $0 as to place it in another 
class* Some varieties are altered by common environmental changes 
much more than are others. Mendel (60), Hurst (42), Lock (55) ^ 
Bateson (t), Darbishire (21), T^acherniak (So^Si) and White (98) 
have all discussed this color variation in cotyledons both in relation 
to environment and to heredit)'+ 

Cre^K Cotyledon .—^Grcen cotyledon color varies frotn dark green 
in such varieties as Wisconsin Blue and Alaska to light green or 
yellow ish green as is characteristic of Telephone, Blue Prussian and 
Duke of Albany- As first noted by Hurst (42) green wrinkled peas 
are alwrays a shade lighter and tend to be more yellowish than the 
green smooth-seeded varieties. Varieties such as Scotch Beauty and 
other smooth-seeded dark greens do not fade to yellow upon ex¬ 
posure to moisture and light as easily as the wrinkled varieties ur 
such smi>oth varieties as Express. Dark greens give the best results 
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in crosses with jcllow cotyJedQn varieties if denionstratlon material 
for illustrating Alenders law is desired. Lock foimd that green 
seeds exposed to light in a dty bottle for a length of time faded and 
became yellowish. Mendel and Tsehennak both foiiiid that injury 
from the pea-weevil would produce yellowish blotches and even 
whoUy yellow seeds. Such greens as Laxton's Alpha will always 
give some piebald and even some yellow seeds if the pods are left 
on the vines till they are all ripe (i). Piebald peas remain green 
it kept in the dark, and a dry place^ but fade on the exposed surface 
on exposure to light. Piebald seeds of one pod are all tinged on the 
same surface. Tinged seeds of dark green types or varieties nor¬ 
ma Uy giving no piebalds are less viable than piebald peas of green- 
seeded Varieties ( i ). r'sumerous selection experiments were made 
by Bateson (i) but tinged or piebald seeds produced no more seeds 
like themselves than did normal green seeds* 

Telephone seed of all types retains its series of color gradations. 
Some varieties of peas such as Sutton's Nonpareil (i) are heterozy¬ 
gous for cotyledon color and of course these statements do not apply 
to them, 

Yclloit/ C&tyled&fi .—Yellow cotyledon color varies from light 
yellows and yellowish greens to deep orangc-ydlow, such as is 
characteristic of Spate Gold, and, as in the case of the greens^ this 
color shading is a varietal characteristic, $ome varletka having light 
yellovr peas and no other shade, e, Goldkdntg and P. humUe oi 
Sutton. The yellow color may remain somewhat greenish if the 
pods are not properly matured and certam varieties are extremdy 
patlicular in this respect. Spate Gold is a dark green pea when 
immature but changes very rapidly to bright deep orange-yellow 
when mature* Even after the ixhIs have the appearance of maturity 
and are dry, the change sometimes has not resulted. Improper 
maturing due to lack of sufficient light and in some case^ to an over- 
supply of moisture is the usual cause of ununi form coloring in yellotv 
peas. According to Bunyard (2i, p. 131) both yellow and green 
cotyledon varieties have yelloiv and green pigment in their immature 
seeds, but the yellow ■ cotyledon varieties possess an additioiml 
hcrcduar>' substancc^an enzyme perhaps, which causes the green 
pigment to fade w'hen the seeds mature. Green when present is 
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cpi&tatlc to y^Iow and thus nusks it. Yellow cotyledon color is 
apparently the ancestral color of all our peas, as all the wild species 
of Phum have only yelipw coUr^ledons. 

Vahjeties Studied. 

No attempt will be made to give a list of all the varieties upon 
which genetic studies of cotyledon color have been made. Suffi¬ 
cient to say that at least a hundred are involved and these have hcen 
collected from all over the globe w^hcrever peas arc growm* 

Orange Ydlow ta Yethw- 

Tres uain de Bretaguep Debarbieux, Sabre, Victoria Marrow, 
British Queen, Early Giants Purple Sugar Pea—Bateson (l), 

Ceylon Native Pea Nos. i and 2 , Kingleader, French Sugar Pea 
--all Lock (54) . 

Purpurviolett scliottigen Knei f elerbse, Bohnenerb se—Correns 

(14). 

Grau Riesen, Desirat, various Svalof P. arv. nos-, Vktoriat 
Couturier, Auvergne^ Buchsbaum, Prince of Wale^—Tschermak 
(79. 80, Si, S3). 

Black-eyed Marrowfat, First of All, Spate Gold, Petit Pois, Wachs 
Schwert, Munimj\ White arrow fal* Elcphanten^ Abyssinian Black, 
P. elatim^ Gold von Blocksberg—^Vhite (9S). 

Light Yellow^ 

Goldkonig^ P. hmniic 1 of Sutton—White (9S) ; Satisfaction— 
Lock (54). 

Dark Gr#m to Green. 

FUlbasket, Express, Blue Peter—^Bateson (i) j Nonsuch^ Earliest 
Blue, Eclipse—Lock (54) ; Grtineo Erfurter Folgcr—Correns {14) \ 
Griinbl. Folgcr, Express, Grcensccdcd P, satwum of SvaloL 
Serpette, Plein le Panier^ Blue Peter* Fairbeard*s Champion— 
Tschermak (79, 80, Si, 83), 

Market Split Pea of New York City, Acacia, Velocity, Alaska, 
Scotch Beauty^ Express, Nott's Excelsior* Laxtonian—White (9S). 
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PUbald 

Telephone, Telegraph—Lock (54); Tele|rfione—Tschennak; 
Telephone, William I, American Wonder, Laston's Alpha—Bate¬ 
son (t) ; Telephone—White {98). 


Results fsom Crossixc. 

rrilflti/X yellow always gives yellow in Fi and succeeding 
generations, except in crosses with the light yellow cotyledon va¬ 
riety GoIdkdnJg in which case a certain proportion of green coty¬ 
ledon seeds are obtained in F., yellow being dominant in Fi. The 
ratio of yellows to greens in such crosses either approximates 3^1 
or I 3 : 3 > The actual results (9S) obtained from crosses of Gold- 
konig with four or five other yellows in F, were: 


457 distinctly yellow:33 yellowish green:S6 green. 

Considering the last tw'o groups together, the proportions arc 4^7 
yellow; 109 green or a ratio of 13:3, the theoretically expected 
being 459.3 yellow: 106.2 green. These peas were reclassified after 
mixing several times with the same result. No F, results have been 
obtained as yet. 

Orange yellow X light yellow gives dominance tn F, of the for¬ 
mer (90). 

y cffojy X green gives all yellow in F, in all cases except where 
the variety Coidkonig is used. Where Cloldkdnig is used as a yel¬ 
low, all F/s are green. White (96) has tested out five different 
vaneties with green cotyledons and always secured seeds of a 
distinct green color. Several cases of dominance of green were 
obtained by Lock (54), Tschermak and Bateson (t), but they are 
mostly explained by these «:pcrimenters themselves as either errors 
in labeling or in improper maturing. Repetitions of such crosses, 
using the same varietieSp did not give these exceptional results. 

In Fj, excluding Goldkontg from consideration, yellow X green 
yellows and greens again in the proportion 3 yellows: i green, 
n F. all the greens breed true and give only green progeny. Of 
e yellows only about one third breed true to yellow, the other two 
thirds ^vmg rise again to yellows and greens in the proportion of 
3. t. The true breeding yellows amj greens are believed to continue 
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breeding tniCj indefiniady, while the impure yellows in each genera¬ 
tion continue to give rise to yellows ind greens in the ratio ol 3:1, 
Darbishire has followed this study through to the or genera¬ 
tion and finds nothing to controvert this sutement. The yellow and 
green seeds that came from such a cross appear to be the same sort 
of colors that the grandparentaJ ancestors had. The tendency of 
yellows to be greenish because of immaturityv a^nd of greens to fade 
IS no more marked in the prtsgeny than in their pure forbears. 

The actual results from crossing pure yellow and green coty¬ 
ledon plants are given in the following table f 


If jrbry 



Ckven. 

rcnlciit^ge 
of C*nc««i. 

Second... 

McndeL. .......... 

6^02^ 

?,bat 

^ 4-9 


Cohrena. 

Ip3!H 

1 453 

t4-S 


TBchcnDHfc... ^ ^. 

3-590 


34^ 


BatesoD . . 4 >.. 41 .. ^ » 

11,903 

3.fl03 

J4-7 


Hum... 4 4 * ... 

1410 

445 

354 


Lock- 

M38 

S14 



Darblihtre......... 


354 

34.9 



1,647 

543 

34.* 

Ttjifd. ......._ 

CarreoM. . . .. . ^ . 4.« 

TsqLermak. 4.4 . * ^* 

ipOia 

344 

933 

35,5 

a4.a 


1^ ... 


i.ao^ 

^4.6 


Ehij-blslbire .. 



34.7 

FonrtJi-,, „*...... 

Correila ........... 


79 

aj-7 


LCH^L. 


350 

a6-T 

Total.. 

£<■>54 


14499 

»4^ 


Alendel (60) tested out 519 F? yellows by growing an F,* the 
result being! 353 seeds gave yellow and green seeds 166 

seeds gave only yellow seeds, the ratio of the former to the latter 
being 2.13:1. 

Darbishire (21) tested out in the same manner 140 Fg yellows^ 
which in F* gave: 98 Fj seeds with both yellow and green pre^eny, 
42 Fj seeds with only yellow progeny^ the proportions being 2.3: i. 

Back-crosses (56) of or of similar heterozygous plants from 
later generations with the yellow parent gave all yellow as follows: 

Mendelj 192 yellow :o green, 

Tschermakv 126 yellow :o green. 

“■These data are LalEcti fmm Darhi^iire (2t> and Wklic (98)* 
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Heterozygous yelbws or F^’s X the green-seeded jrarent gave a 
ratio of I yellow: I green as follows: 

Mendel, 104 yellow: 104 green, 

Tschenuak, lOl yellow: loo green. 

As regards the F, generation from green X Goldkonig yellow, 
the data are as yet very scant. White (9S), however, from an F, 
prt^eny of 14 crosses found 253 seeds had green cotyledons and 
74 bad yellow or yellowish with slight green tinge, the proportions 
approximating 3 green; i yellow or just the reverse of the common 
result. No F* generation data are as yet available. All green and 
yellow cotyledon varieties used in crosses with Goldkdnig crossed 
with each other gave the usual 3 yellow: i green ratio. 

In applying Mendel's law to data such a$ the,above, one must 
always bear in mind, as pointed out recently by Pearl, that Mendel- 
istn is essentially a statistical method and the law a statistical de¬ 
duction, requiring large numbers and dealing only in averages. The 
danger of dravring conclusions from small numbers is well shown 
in a survey of the extreme variation in ratios derived from 
single Fi plants. 

For example, the greatest variation in 

Mendel’s records (60) was 32 Y m G and 20 Y: 19 C, 

Bateson’s records (i) was ( 5 o Y;9 G and 32 Y:20 G. 

Correa's records (t4) was 93.3 per cent Yry.y per cent. G and 
55-8 per cent. Y;44.2 per cent, G, 

Lock's records (54) was 14 Y: i G and 7 Y:S G. 

Bateson (i) conducted experimental inquiries to determine the 
signidcance of these fluctuations, but found them to be purely 
fortuitous, as did Mendel (Go) before him. 

IxTIlKPRETATJON. 

In the light of the above data the hereditary differences between 
yellow co^'ledon and green cotyledon varieties of pe^y may be desig¬ 
nated by G and I. G represents the hereditary determining sub¬ 
stances or factor for green pigment, while I is a factor or deter¬ 
miner which causes the green pigment to disappear when the seed 
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is mature. Y stands for ydlow pigment and so far as known is 
common to all varieties of peaa^ whether green or yellow seedecL 
Green when present masks or covers up yellow pigmertt, hence is 
epistatic. The factor formulas for all varieties of peas so far genet¬ 
ically studied then are: 

YYGGIl = lrue breeding yellow cotyledon races, 
G^ldkonig (on the present data), 
yYGGii = true breeding green cotyledon varieties. 

On ihe basts of these three formulas and by various combina¬ 
tions of these three types of varieties, all the ^^arious ratios de^ 
scribed in preceding pages^ as well as others, may be obtained. All 
genetic data, so far as 1 am aware^ accord with this interprelation, 

3. ConxEDON Fobm (Seed Form) and Composition 

The seeds of peas as regards shape are cither smooth round to 
roundish, or wrrinkled and angular* The cotyledons of the seed are 
mainly responsible for these differences. Smooth^ roundish peas, 
how^cver, arc often pitted or dimpled and this dimpling is of two 
types. One t>'pe b largely due to such environmental conditions as 
premature harv^esting, while the other type remains pitted under 
practically all common environmental conditions. The latter type 
is designated “slightly wrinkled” by Tschermak and “ indent " by 
the English geneticists. Indent, while a character ivhich modifies 
the cAtemal appearance of the seed and cotyledon, belongs in reality 
to the generation preceding that to wdiich the cotyledon characters— 
wriiikledncss^ color^ elc.^ belong. Associated in inheritance with 
seed form are oertain t^pes of starch and certain germination, sugar 
content and color modifying characters, and because of tins asso¬ 
ciation they will all be considered under this heading. Indent peas 
and smooth peas will be treated separately. 

Sfm&ib round without indenting are most commonly char¬ 
acteristic of varieties with white flowers and color!e.=is seed coats, 
although many varielies with cotored flowers and colored seed coats 
have perfectly smooth seeds. Particularly is this true of most of 
the wild sorts, all of ivhich have colored flowers. The starch grains 
of the smooth-Bceded varieties according to Gr^ory (37), Darbi- 


526 lATnTE—STUDIES OF INHERITANCE IN PiSUiL 

shfrc and others are stmple, oval or potato-shaped and of targe size 
with well-inarked hilum centers and distinct lines of stratification. 
Darbishirc (l9)» and Kappert (4S) found small round grains asso¬ 
ciated with the larger oval ones, and occasionally these are divided 
by a single split or fissure which cannot be increased in size througli 
the action of diastase and pty-alin (4S). Kappert (4B) also lias 
observed these longitudinal fissures with short side splits occasionally 
among the large oval grains. The size of the starch grains vary 
considerably in different cell layers of the same seed, the smallest 
being found in the outer layers, where the protoplasm Ls most dense. 
Measurements of starch grains, given in the following table, show a 
considerable variation, though the data are too scant to be of much 
weight. 
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Darbishirc divides the length by the breadth X too and secures 
the breadth-length index (iti Eclipse (56,14) or the breadth in terms 
of per cent, of length. The breadth-length index fpr Lax ton's 
^ arbote is and fo^r Emerald Gem starch grains 74.j (48), 

indicating that starch grains of Some smooth-seeded varieties art 
less oval ihan others. The long oval starch grains are characteristic 
of the early as w'cll as of the late stages of seed development. 

According to Oetiaiffe (23), Halsled, Darbishire (19), Kappert 
(4S) and others, round smooth peas take up less water upon ger¬ 
mination than wrinkled peas. Darbishire found the average absorp¬ 
tive capacity (or the amount of water an immersed dry pea would 
take up in twenty-four hours, expressed as percentage of weight of 
the diy pea) of 12 Eclipse peas to be 86 per cent, Kappert found as 
regards absorptive capacity so much variation in the seeds even 
of the same sort on the same plants that he regards the methods 
used by Dcnaiffe and Darbishirc as extremely inexact. Kappert 
gives the water loss of air dry seeds of smooth-seeded peas in 
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terms of per cent of gfreen f fresh) seed weight. For the following 
varieties this is: 

Laxtdsn'* Vorbote s 44-S8.21 per ceot Toss, 

Emernld Gcfa... 6 setds ,^***,** 44 - 5 fi .65 ptr cent Toss. 

Carter's First Crop 4 seeds 40 -S 4 .S 7 percent lost 

He considers the variation in water loss between seeds of the 
same sort or variety as due in part, at least, to diiFerencea in en¬ 
vironment. Diemical analysis of air dry peas of 2 different varie¬ 
ties of smooth seeded peas—Carter^s First Crop and Eohnenerbse— 
showed a water content of from to to 12 per cent or from 1-2 per 
cent, more water than in simitar analyses of wrinkled peas. In 
fresh green seeds ihe difference in water content amounts to as 
much as 3 per cent, more in wrinkled than in smooth seeds. Chem¬ 
ical analyses show also that smooth-seeded peas possess a rela¬ 
tively small amount of water and alcohol soluble materiaL DSi- 
fercuce in sugar content between the two types, however, is small 
(.7 to 34 per cent) varying in smooth-seeded peas from 1.96 to 
3.29 per cenL There appears to be about twdee as much sugar and 
dextrine in dry vrrinklcd peas as in dry smooth peas. Smooth 
round seeds appear to alw^ays have deeper colored cotyledons than 
wrinkled peas. 

Indent peas are knovrn to differ from smooth round peas only 
in being indented. Both the cotyledon and the seed coat are af¬ 
fected and the characteristic only appears on peas wnth,colored seed 
coats and colored flowers. The starch grains are indistinguishable 

(37. r). 

IVrivkied, Hfigiitar peas differ from indent and smooth round 
peas in at least four character si, the shape and surface of the 

seed, the shape and constitution of the starch grain, the water con¬ 
tent of the leaves and green immature seeds and the sugar content. 
Seeds of smooth-seeded variettes arc sometinics unclassifiable be¬ 
cause of pitting, but, so far as I am aware^ seeds of wrinkled seeded 
varieties never vary low'ard greater smoothnes^is (barring sports and 
rogues). Wrinkling is always associated with round compound 
starch grains. These starch grains arc made up of from two to eight 
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or more divisions or separate irregularly shaped stnall particles 
cemented t^ether by a yellowish substance which is not colored 
blue by iodine (19). The most common grains arc 4-6-particIe(l. 
Both Kappcit (48) and Darbishtre (19) occasionally found potato¬ 
shaped grains simibr to those of round-seeded peas among the com¬ 
pound starch grains. Small round grains are always present Kap- 
pert (48) found the starch grains of very young peas (3-3 weeks 
old) to be free from splitting, and through obsenatiotis on later 
stages, he found all gradations from simple round grains to the 
characteristic compound or radially split grain of 2 to 8 particles. 
Tins led him to conclude that compound starch grains are simply 
radially split simple starch grains and with only one starch for¬ 
mation center instead of 2 to 8 such centers as is commonly sup¬ 
posed. The so-called compound grains may be further broken up 
through the action of diastase and this led Kappert to believe the 
starch of wrinkled peas was more soluble than that of smooth- 
seeded peas, a supposition made more plausible through the greater 
amount of sugar and dextrine present. 

Both Gregory (37) and Darbishire (19) found the compound 
starch grains of the wrinkled peas they studied to be smaller than 
the starch grains of sniooth^secdcd peas. 

The data from measurements of several varieties are given 
beloiv t , 
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The breadth-length index for starch grains of wrinkled peas of 
TOttrsc IS higher being 92.2 for British Queen and 91.5 for Gold- 
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cent, more water than smootli peas, and it is largely because of this 
greater water loss that the wriiikled conditiDa of the cotyledons and 
seed coat is brought about and not because of difference in sugar 
content as contended by Darbishirc (rp). Difference in sugar con¬ 
tent from the writer's knmvledge of pea varieties, is probably very 
variable. Correlated with the larger water content of unripe 
wrinkled peas is a larger water content of their leaves as compared 
with leaves of smooth seeded varieties. 

Seed of wrinkled varieties of peas as compared with smooth 
seeded peas, usually lose their power of germination and rot more 
quickly under unfavorable conditions, such as cold, wet weather. 
W rinkled peas are a shade lighter in cotyledon color than smooth 
peas from the same pod or plant and grown under the same en¬ 
vironmental conditions. ' 


VAaiETlls Studied. 

Because of the large number of gcoctic experiments on these 

characters, only a partial list of the varieties studied can be given. 

Smooth Rovnd. 

Eclipse, Genoa round, P, arv. Bohnenerbse, Sangsteris 

No, I (?)—Darbishire (tg). 

Express, Fillbasket, Ires nain de Bretagne, Carter's Telegraph, Vic¬ 
toria Marrow, Maple—Gregory (37), 

Express, Tres nain de Bretagne, Victoria Marrow, Blue Peter, Fill- 
basket—Bateson & Kilby (i), 

Ceylon Native No. i. Ringleader, Ceylon Native No. a, Sutton'i 
Telegraph (?}—Lock (54). 

Laxton’s Vqrtwte. Emerald Gem. Carter's First Crop—Kapnert 
(4S). 

Harrison’s Early Eclipse—Hurst (42). 

Emerald, Yellow Pod Sugar Pe,T and numerous others—Tschermak, 

Over 20 varieties (unpublished data)—WTiite. 

Indent 

Purple fl. Field Pea, Purple Sugar Pea, Sutton's Purple Podded Pea 
—Gr^ry (37). 
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Parple Sugar Pea, Graue Riescn—^Bateson & Kilby (i). 

Graue Hiesen, Svalof P. an/. No. IV., and No. X.—Tschermak (86). 
Irish Munimy* Gray Sugar and others (unpublished data)—\\Tiitc. 

Afigutar^ 

British Queen, Laxton's Alpha, Telephone—^Darbishire (iq). 
William L ?j Telephone, Laxton's Alpha^ Serp^lte nain blanc^ Dark 
Jubilee^ Early Giants British Queeit^ Wmdsor Casde—Gregory 

(37)^ 

Laxton's Alpha, Serpette nain blanc. Telephone^ Vcitch*s Perfec¬ 
tion-—Eateson & Kilby (i). 

Telephone, Satisfaction, Konsvich, British Queen*—Lock (54). 
William Hurst, Laxton*s Alpha, Goldkonig—^Kappert (4S). 

British Queen—Hurst (42). 

Prince of AVales, Telephone and others—Tschemiak. 

Goldkonig, Quite Content, Nott’s Excelsior, l^xtonian, and many 
others—(unpublished data) White. 

Results pkom Crossing. 

Rttnttd Sfuooth, white flowers X round smooth, white flow'ers 
always gives round smooth seeds and white flow’ers in Fj and sac-* 
cecding generations. 

Round smooth, Tvhite flowers X round smooth, colored flowers 
in Fi (of cotyledons) gives round smooth seeds, but in F, of seed 
coats (Fj of cotyledons) gives all indent seeds. In Fj of seed coats 
(F, of cotyledons) the number of F^ plants bearing all indent seeds 
to those with only smooth seeds approximates 9; 7, The reeiprocal 
of this cross in Fj (of cotyledons) as well as in F^ of seed pnaK 
(F, of cotyledons) gives all indent seeds, while in the results are 
the same as when the white-flowered smooth-seeded variety is used 
as the maternal parent. 

According to Tschermak {80, 81, 86), Lock (54), Bateson (3) 
and others who have experimented with indent \'ariedes, the indent 
seeds are always borne on plants with colored flowers and there has 
never been an exception to this association recorded. According 
to the same diservcrs, white-flow'ered plants in such crosses always 
have smooth and never indent seeds. Plants with colored flowers. 
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hoTYfiver, often have smooth seeds and it is to be mferred from 
Tschermak’s data and formulas (86) that in crosses of round 
smooth, white Rowers with round smooth, colored flowers, the F. 
generation consists of three classes'—indent, colored flowers j round 
smooth, colored flowers; round smooth, white flowers. As regards 
the seed characters, only two classes are present-—indent and smooth. 
From crosses of four round-seeded, colored'flower varieties with 
firt routid-Bceded, white-flowered varieties, Tschermak (86) se¬ 
cured in F,: 

I Si indent 196 smooth or 1.&9: I, 

In Fj part of the indent and part of the smooth seeds bred true, 
while a part of each class again gave both indent and smooth seeds. 
From this and other data of Tsehermak's one may consider the 
above F, numbers as a verj’ poor approximatioit to a 9:7 ratio— 
the actual results expected had the approximation been perfect be¬ 
ing *S 5-7 indent: 121.1 smooth, 

R&uud stHCOth^ whitf fiowers X indent, colored flowers in F, (of 
cotyledons) always gives round smooth seeds, while the Fj of the 
reciprocal cross, where the maternal parent has colored flowers, con¬ 
sists of indent seeds (Tschemiak So, 3 i), [(Correns), Bateson 3]. 
The of seed coats (F, of cotyledons) consists entirely of indent 
seeds and colored flowers, while in F. of seed coats (F, of cotyle¬ 
dons) indents and colored flowers to round smooth and white flowers 
occur in a ratio approximating 3 indent; i round smooth. The 
above description of the facts applies to all but one cross of this type. 
In this exceptional case, the round smooth white-flowered Nain de 
Bretagne was the pollen parent in a cross witli an indent variety. 
The Fi was indent, as usual, but the Fj of seed coats (F, of 
cotyledons), instead of giving all indent seeds, as is commonly the 
case, gave quite definitely indents and rounds in the ratio of 3:1, 
Three such plants gave 339 indent, 119 round smooth, and 39 
uncertain or of an intermediate type. Further, one F, plant appar¬ 
ently grown from the round scfcds had only round seeds with colored 
seed coats (F^ of seed coats, F, of cotyledons) (Bateson 3, p. 262), 

RmHd smooth, tvhit^ flowers X wrinkled, white flowers give in 
F, (of cotyledons), alt round smooth seeds, which in F, give ap- 

moc. AMM. ruiu *«,. VOL- LVI, U, lll'CfcKHR II, IJiy. 
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proxiniately 3 round smooth 1 1 wrinkled^ There is no case of 
couptiug knowTi between these two cotyledon characters and flower 
color, so the ratio is 3: i whetlicr the flowers are white or colored. 
In Fg about one third of the round seeds produce only plants having 
round seeds p %vhile two thirds of the round seeds again produce 
plants which have round seeds and wrinkled seeds tn the proportion 
of 3:1* ^rhe wrinkled seeds always breed true. The results from 
crossing round smooth and wrinkled seeded varieties as obtained by 
five well-kndwTi geneticists aret 
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Back-crossing hctero^goie with pure round smooth parent 
gave: 

aumiitt, Wrl?»Utri, 
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Back-crossing heterostygole Fj with pure wrinkled seeded parent 
gave round sinooth and wrinkleds in the ratio of I: i or 
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No coupling or “correlation” of other common diaractors such 
as tallness, flower color, cotyledon cblor, fasdation and pod color 
with wrinkledncss have been recorded. Partial coupling bctw'Cen 
wrinkicdncss and lack of tendrils (*' acacia *') has been studied by 
Vilmorin (88, 89), Bateson (88) and Pdlew (64). This wdll be 
discussed in connection vrilh foliage characters. 
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Darbishire (19) regards the shape and constitution of the starch 
gram, the water absoq?tfve capacity of the seed and the shape of 
Seed {round, smooth or wrinkled) as four separately inherited 
characters. This deduction is based on a series of observations pn 
crosses of round and wrinkled varieties which demonstrated the F, 
nature of the starch grains, as regards shape and constitution, and 
the water absorptive capacitj- of the seeds to he imermediate be¬ 
tween the two parents used- Although round smootli, the Fj seeds 

had about equal proportions of simple and compound starch grains'_ 

and the latter instead of having on the average 6 particles per single 
grain as in the wrinkled parent averaged only 5 partides. Five 
seeds each of .4S F, plants were used iostead of F, seeds for deter¬ 
mining segr^tion phenomctia. Sixteen plants w'ere pure round- 
seeded segregates and had starch grains of the ancestral round 
parent type. Twenty' plants were heterozygotes and had pure round, 
heteroz)'gDte round and wrinkled seeds. Only the round seeds were 
titamined. Out of each of the ao lots of 5 seeds, at least one had 
starch grains similar to the F, and in several cases all were similar 
to the F, seeds as regards shape and degree of oompoundness. 
The homozygote rounds were easily distinguished from the other 
rounds. The heterozygote round seeds, while either roundish or 
irregular in shape, varied greatly in the proportion of compound to 
simple grains they possessed. In 2 cases, where countings were 
made, one gave 303 compound and 305 simple, while the other had 
only 28 compound out of 3014 counted. The degree of compound- 
ness of the starch grains varied in different seeds, some being many 
particled and some seeds with only few-particlcd grains. No prog¬ 
eny test of the correctness of the determination of homozygous and 
heterozygous rounds by observation of their starch was made, but 
the results tvcrc checked up by the approximation to the ratio of 2 
heterozygote: I homozygote seed. The is plants with 'iviinkled 
seeds had the wrinkled ancestor type of starch grain, except in two 
or three seeds out of 45 examined, in which a few simple grains 
were observed. 

As regards water absorptive capacity, peas with round com¬ 
pound starch grains and Fj peas with long simple grains both had the 
same absorptive capacity as the Fi pea with both kinds of starch 
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^ains. From these facts, Darbishire holds the intermediate nature 
of tile F| starch grains is not responsible for the intermcdiaie ab- 
soriilive capacity of the seed. High and low absorptive capacity 
is to be regarded as a separate pair of characters. Darbishire 
not shown, how^ever, that wrinkled F. seeds differ markedly in ab^ 
sorptive capacity', which should be the case, unless the character of 
the wrinkled pea completely masks any such difference in absorptive 
capacity. 

Kappert (48), working over the same problems, secured results 
only partially agreeing with those of Darbishire. He agrees with 
Darbishire as to the in termed lateness in form and constitution of 
the starch grains and the absorptive capacity of the F| seeds. He 
also finds great variation in absorptive capadt)' of the F^ round seeds^ 
but offers a choice between two e;»£planations—differences in oi' 
vironmental influences during development owing perhaps to posi¬ 
tion of seed in the pod, or Darbishire's interpretation. Kappert 
finds this variation in water absorptive capacity true of round peas 
in the same pod in pure round-seeded varieties as well as in round- 
seed segregates^ and this is true when only seeds of same weighty 
etc.p are considered. Denaiffe, Darbishire and Kappert all agree 
that wrinkled seeds in general have a higher water absorptive 
capacity than round smooth peas, and hence there mn*t be a dose 
correlation of some sort belwccn the character oE the starch and 
ability to take up water. Both Darbishire and Kappert found the 
water absorplive capacity' of F| peas to be nearer that of the round 
smooth parent, while the starch grains should be considered as more 
nearly approaching the >vrinklcd type, except in Kappcrt*^s crosses 
involving I.axton^s Vorbote(round smooth) and "Goldkonig*" 
(wrinkled)* In these crosses, the F, starch was very similar to 

Laxton's Vorbote."" 

Kappert finds no grounds for DarbishJre's statement that both 
simple and compound starch grains are found in about equal propor¬ 
tions in Fj seeds, but thinks the starch grains Darbishire took for 
simple were split on the nairoiv side, which Darbishire would have 
noted if he had tumed them over^ as Kappert himself has done re¬ 
peatedly, Splitting of starch grains, according to Kappert, may 
take place fortuitously and not necessarily because of an inherent 
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tendency to split up, and both these influences may be operating in 
the seeds of the same crO£$. As regards shape and constitiition of 
the stardi grains in the hybrid seeds, Kappert secured distinctly 
different results depending on the round smooth parent used. Lax- 
ton’s Vofbote and Goldkonig gave starch grains approaching those 
of the round smooth seeded parent, while Emerald Gem (round 
smooth) and Goidkonig gave rojincf, radi^tty ^plit starch grains in 
large numbers^ though the splitting was much less than in pure Gold- 
konig starch. Further, in Fj Kappert was not able through micro¬ 
scopic examination of the starch grains to separate with certainty the 
homozj^gous rounds and the heterozygous rounds. Seeds of the same 
pod (all round) gave a continuous scries of seeds with dearly inter¬ 
mediate starch grains to seeds with only simple starch grains. From 
the camcra-lucida drawings of round seeds from two pods, one 
from each cross as noted above, those having Laxton^s Vorbote as the 
round ancestor differed cousidera.bIy in extent of split or compound 
grains from those with Emerald Gem as the round^'Seeded ancestor, 
leading the WTiter to believe in genetic differences between the round 
seed varieties. Kappert himself is uncertain as to ivhether the con¬ 
tinuous gradation in extent of splitting results from hereditary Or 
environmental differences. 

smG&ih, colored fmeers X round smooth, colored flowers 
always gives in Fj ail round smooth and colored flowers and from 
unpublished data of my own* only round smooth arc present in 
later generations. Bateson (3, p. 26$)j citing Tsehermak (81, p. 
30, case 9), mentions an exception to tius statement The case cited 
is Tsehermak's cross P. am., F 7 , (round) om., IX, (round) ? 
which gave distincHy dimpled sced 5 in F^ of seed coats (Pg of 
cotyledons)* Tschccmak's description in the same paper of the 
seeds of Fr arz\, IX., is “ roundish, rarely few dimpled seeds/' indi- 
cating that there may be some doubi as to whether the P* ariK, IX., 
parent used was not indent instead of round. In Later publications 
(86, see formula for F. arv., tX.) he describes this variety as defi¬ 
nitely round-seeded. In another place in the same paper (St) de¬ 
voted to assembled resulLs^ the crossing of two smooth-seeded P. 
arv. varieties ig stated to always give smooth-seeded offspring in the 
first seed generation, which 1 take to be F^ of seed coats (F_ of 
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cotyledons and of Bateson). Tschermak, so far as the writer can 
discover, makes no mcnlioti of the results of this cross as cxcep- 
ttonaL 

Rmmd sm^Qth^ c^ored fiowcrs X wrinkled^ white flowers in T\ 
(of cotyledons) is indenlp which in of cotyledons (F^ of seed 
coat) give approximately 3 dimpled wrinkled (34). According 
to Lockj dimpled and wrinkled seeds are very hard to distinguish* 
as of course true wrinkling occurs in colored seed coats. 

X indent {colored flowers always) gives in Fj and later 
generations always indent and colored flowers. 

Ittdent X wrinkled* white flow^ers in gives lodenL Reciprocal 
in Fj (of cotyledons) gives round smooth seeds. In F, (Fj of seed 
coats) of both crosses, indoits to wrinkles appear in a ratio of 3M 
and the plants all have colored flow^ers. 

The wTinkled seeds when sdv\ii give 3 wrinkled with colored 
flowers:! wrinkled with white flowerSL The indent seeds if sown 
[(Fj of seed coats) F^ of cotyledons] likewise give rise to 3 colored- 
flowered plants! 1 white-flo!vercd plant. The colored-flow^ered 
plants have either all indent seeds or indent and wrinkled seeds in 
the ratio of 3: t. The white-flow'ered plants have dther all round 
seeds or 3 round * 1 Avrinkled* 

Indent X wrinkled, colored flowers. No data. 
iVrinkhd^ white flowers X WTinkled* white Sowers always gives 
wrinkled seeds and white-flowered progeny. 

IFriiiJtfcd, colored flowrers X itself. No data. 

Bock crosses (St) of various combinations involving indent an¬ 
cestry gave no exceptional results, as viewed from the interpreta¬ 
tion given for all the crossing data. 

T NTERPBETATTON* 

The preceding data concern two sets of characters—(t) round 
smooth cotyledons of low ^vatcr absorptive capacity with simple* 
long starch grains and angular wrinkled cot>dcdons of high w'ater 
absorptive capacity with radially split {compound), round starch 
grains; {2) indent and non-indqnt seeds. In the first set, round 
smooth and the characters associated wdth it are to be regarded as 
the expressions ol a factor R, in the absence of which the cotyledons 
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are angular, wrinkled, etc. The partial dominance of shape and 
constitution of the simple long starch grains in is perhaps modi¬ 
fied by other factors not yet determined or due to the presence of 
R in simplex condition. It is very evident from the diverse results 
of Darbishire and Kappert as regards Fi starch characters that 
dominance of the simple or the “ compound ” type is inhibited in one 
case at least. 

So far as is known, the factor R is inherited independently of 
all other PifMJW factors excepting the factor for tendrils {Tl) with 
whtdi it is partially coupled. Interpreted as above, round-seeded 
\'arieties of peas have the formula RR while wrinkled varieties 
have the formula rr. 

Indenting in peas, as interpreted by Tsehennak, Bateson, Lock 
and others, is due to two or three (f> pairs of factors, one of which 
is the pigment-producing factor A, whidi gives rise to pink flowers 
and gray seed coats. Indent peas only occur on plants with colored 
flowers, all of which have the factor A. A may be substituted for 
Tsehermak's factor L, since L, and A are alteays associated. Taken 
thus the real indenting factor may be designated as L,, in the ab¬ 
sence of which in plants with colored flowers, the seeds are non- 
indent. WTien A and Lj are both present the flowers and seed coats 
are colored and the seeds are indent. When A is absent but L, 
present, the flowers and seed coats arc white or colorless and the 
seeds non-indent. 

Thus all varieties of peas so far experimented irith, having col¬ 
ored flowers, colored seed coats and indent seeds, may be represented 
by the formula AALjL,, those with colored flowers, colored seed 
coats and iinn-jHdfwf seeds by and those with white flowers, 

colorless seed coats and non-indent seeds by aaL,Lj, because the 
latter in crosses with colored-flowered, non-indent types give in Fj 
{of seed coats) all indent peas, 

Considering the two sets of cliaracters together, the factor A is 
found to mask the factor R or is epistatic, to use Bateson's term. 
The absence of R, t. e.^ r or wrinkkdness, on the other hand is cpi- 
static to .A, The varieties of peas thus far genetically studied on the 
basis of the interpretation given above, fall into four classes ivhich are 
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Round smooth, colored flowers = AAl^l^RR, 

Round smooth, white flowers = aaL,L,RR, 

Indent, colored flowers ^ AAl^L^RR, 

Wrinkled, white flowers =aaLjL,rr. 

Excepting" the two exceptional cases mentioned under crossing 
results, atl the data are in conformity with the interpretation and 
the formulas given, and the various results given from crossing 
may all be ob^ined through combinations of these four genetic 
types of varieties. The two exceptional cases need further oon- 
nmiation, as one at least is doubtful as to fact. 

Satisfaction is the only wrinkled pea with the aal^I^tT formula 
so far studied, while the other varieties are numerously represented 
in the studies of Bateson, and Tschermak. Tsehermak (86) gives 
the formulas for seven smooth round or indent with colored flowers 
and five smooth round, white flowered varieties with which he ex- 
penraented. In his formulas, A and L, arc separate factors but 

since they appear always to be associated it is simpler to regard 
them as one. 


4 . Seed Shafe. 

Though only slightly studied, except as ri^rds the two or more 
actors controbng cotyledon shape (round smooth, angular wrinkled, 
in ent), seed shape is knowm to be determined in part by still other 
sets of factors, which are not associated with those of cotyledon 
form and indent. Hurst (42) suggests that angularity, square¬ 
ness, flattened sides (fiat peas) and deep dents on the sides (nor 
mdmt) are directly determined by the pressure of the peas of a pod 
agam one another and by the constriction of the pod itself. Gen¬ 
erally spt^itig, he thinks the roundest peas have plenty of room In 
he pod. while the most wrinkled angular peas are tightly packed 
together. Irregxdanty in shape may be caused by a struggle for 
gro«^i room among the peas of the same pod. and thus alter their 

(S4) i" •I’t F. »f 

bn«c™ v.r.«.e, „„l, 

^netics with wide pods and flat seeds, found as a rule that flattened 
with with wide pods and cubical or spherical seeds 
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cubical seeds and when an F, from them was grown, both wide and 
narrow pods were obtained, thus showing them to be heterozygous 
for pod width. 

Observations of my own on over two hundred varieties, and 
crosses between several of them, in general, confirm Lock’s ob¬ 
servation as to the association of round or cubical peas wdth 
narrow pods and fiat (whether angular wrinkled, or roundish angu¬ 
lar and smooth) with wide pods. The diameter of the pod, how¬ 
ever, is not necessarily to be regarded as a character which modifies 
the expression of the factors for seed shape, since it can well be 
that some of the factors ivhicb determine seed shape are coupled or 
partially coupled with those determining pod diameter. In the 
former case the seed and pod characters under discussion w'ould be 
rt^arded simply as different expressions of the same factor. 
Wrinkled peas are pmcticalty always flat or cubical, but smooth 
peas may be cubical with rounded edges (drum-shaped), bean 
shaped, flat and rectangular w'ith rounded comers, conical (if end 
pea in the pod) and spherical, Bean-shaped peas are characteristic 
of one variety (Bohnenerbsc of Haage & Schmidt), but occasion¬ 
ally a single typical bean-shaped seed appears among a crop of 
round seeds. When planted, only round seeds are produced, so 
the variation, in the latter case, is largely due to special environ¬ 
mental conditions of some sort. 

5. See3> Dimension and Weicmt. 

These two characters are mutually dependent upon each other. 
Greater size generally means increased weight, though not neces¬ 
sarily so, especially when the composition of the seed, either chem¬ 
ical or morphological, is altered. Both round and wrinkled pea 
varieties have large and small seeds. The smallest seeds arc found 
in some of the western Qiinese varieties introduced into the United 
State.s by our Department of Agriculture, though several of the wild 
spedes have seeds of about the same size. The so-called tvild P, 
ort'tfMfc types of Europe and several forms of P. eiatius have com¬ 
paratively large seeds. Some of the largest seeded pea varieties are 
French Giant Gray Sugar, Champion of England, White-eyed Mar¬ 
rowfat, and Black-cycd Marrowfat, As compared with the latter. 
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the wild F. elaiius seeds are intemiecliate in size between them and 
the small Chinese peas and such wild peas as P. humtlf and P. 
qnadratum. Size and weight of pea is to some extent associated 
with Size of plant and pods, though small dwarf plants such as Lax- 
tonian bean relatively large pods and seeds. Delicate-stemmed plants 
Such as Benton, P. gHadruiutitf P. huitiilc, Abysinniim Black, P„ 
J&ttMrdi, Velocity, Express and many of the Hindu and Chinese 
varieties do not bear large seeds or large pods. Pods and seeds of 
small, intermediate or of large size may be associated with tall or 
large, robust-stemmed plants. 

In crosses, Bateson (i) finds that small and large seeds gen¬ 
erally give intCTToediates in F, and although he has seen one 
cross suggesting segregation. Maeoun (57.5) crossed two peas of 
about equal size (Black-eyed Marrowfat and WTiite-flowered 
llummy) and in F, secured the parental types and intertnediates as 
well as seeds very much smaller than any of the common culti¬ 
vated varieties. The latter bred comparatively true iu Fj. Vil- 
monn (90) states large silte of seed to be dominant to small size. 
Tschermak (Si, S6) has gone into the subject with customary Teu¬ 
tonic thoroughness, hut has published his results only in part. In 
general, he finds the F, generation of large X small seed to have 
seeds of intermediate weight, though nearer in weight to the small- 
seeded parent. In Fj, a continuous series between tbe two parents 
was obtained, with a great scarcity of the two grandpareuial types. 
Repeated experiments with large numbers always gave the ^me 
results, though in a few cases seeds still smaller than those of the 
^ll-seeded grandparent appeared. Tn F„ at least one of the F, 
mtermediates remained constant. 

In l,ack.crosses of the F, with the small parent, the F, seeds were 
sniall to possibly still smaller than the small parent, while the same 
, ck-crossed with the large-seeded parent gave intermediates, 

hJr 

As an illustration of his actual results, large F. jol. (ave, weht. 
-33O3 gm.) X small P. arv. (ave. wghL O.0S649) in F, gave inter- 

Mteh In 4 eronp.-th«, nith «nd, ,ven.,inj 
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in weight that of the siiian grandpaTent (1.)^ of the large grande 
parent (IV.) atid those w^ith seeds weighing; on the average cither 
more (III.) or less (IL) than the avcmge weight of the Fj seeds. 
The Fj results from about 12 pbnts were: 


\ 

tt 

t.u f 

IV. 


10 

3pa -h 10 f 

tos +111? 1 

J 


13 

aoj: 

S3 

I 

SJI 


+10 ? 

15a +10? 1 

3 

796 


The progenies of the 12 or more F^ plants were similar in 
eompositiont only those whh the large^-t numbers giving the e^ttreme 
variants. It is not clear as to whether parents, and Fj^s ^vere 
grown under the same conditions, and In one case at least the 
and F/s appear to have been obtained in difFcrent years. In my 
ow'n experiments, seed size is quite sensitive to environmental dif^^ 
ferenceSp peas of the same pure line being almost twnce as Large 
under certain conditions than under others. The effect of environ* 
mental changes also varies with different varieties. 

In crosses bchveen large- and smalFsceded varieties made at 
the Brookhti Botanic Garden, the Fj generation generally has as ’ 
large seeds as the large-seeded parent^ while crosses of large seed 
X intermediate {inic breeding} seed has given in F^ intermediates- 
In studies of such a character as seed siae or weight, which has so 
many true breeding variatiods, a marked difference in results from 
crossing of different varieties is to be looked for. and while some 
of these crosses should give simple results, in other cases results 
of the most complex character are to he expected. 

I STERPIiETATlO N. 

Crossing data on this character are too scanty to give much 
time to interpretation* Tschermak (86), while not definitely com¬ 
mitting himself, k inclined to mlerpret his results as due to several 
factors, possibly four, though by combining groups I., IT. and IfL, 
IV.p a ratio varying from 3.5:1 to 4:1 is Secured. One of the 
many objections to considering seed weight to be determined by the 
presence or absence of a single factor is the breeding true in F^ 
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of some of the F, intenTfedlates. On the four-factor interpretation, 
the extreme scardtjf in F* of the large-seeded grandpa rental type is 
accounted for by regarding its factorial composition as due to all 
four factors in a homozygous condition (AABBCCDD). Combin¬ 
ing tlie Fj classes 1 ., IL and III., the F, ratio of small and interine^ 
diatc seed weights to large seed weight is ?93;5 or 264:1 which is 
somewhat close to the theoretically expected ratio (255:1). Like¬ 
wise the relation of the small-sceded F/s to the remainder of the 
Fj progeny on a four-factor basis is thcorctidallj' 71248: t, while 
Tschermak’s actual numbers were 22:771:3 or 7.3:237: t. Accord¬ 
ing 10 his provisional hypothesis, the 22 small-seeded F,'s repre¬ 
sent not only those which will breed true (aabbeedd) but also snail- 
seeded forms which will give intermediates (aabbccDd, aabbCcdd. 
etc.). Tsciierniak finds no evidence in his e-xperiments for believing 
that sterility is in any way responsible for the small F. numbers of 
the large-seeded segregates. He also finds no reason for believing 
m a difFerential relation of the environment which would be so much 
more unfavorable to the large-seeded types. 


6 . Height. Stem Diameteh, Inteenode Length akd Jnternooe 

Numbeh, 

As described by Ifcndel and most genedcists since 1900 the 
heredity of height or length of stem in peas represents a very 
simple problem, the presence and absence of a factor for tallnes^. 
\\ liile Mendel’s description and interpretation of results from cross- 
111^: tails and dwarfs accounts for most of the facU derived from 
studying the genetics of two varieties differing in height, it fails to 
account for all the facts when pea varieties in general or as a 
whole are under consideration. Height in peas is gcnemlly arbi- 
traTily divided mio dwarfs (23-90 cm,), half drawfs (90-150 cm.) 

*50-300 cm.). As pointed out by Lock. Kcebk and 
ers, hctght of a given variety in any given year is very much in- 
ucnced by environmental conditions, so that in any detailed study 

should of height, parents, F, and subsequent generations 

^culd be grown side by side, as this method insures a miuimum 

rinns ■The environmental condi- 

w ich modify height are numerous, including defective or 
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diseased cotyledons, partially successful attacks of straDgling fungi, 
temperature and humidity variation, lack of stmlight, variation in 
soil richness, etc. Dwarfing of tall varieties may be brought about 
and the flowering period delayed as much as tlirce weeks (a6) by 
cutting off part of the cotyledon in geTmUiating peas. Lock (54) 
found the climate of Perideniya directly modified the height and 
growth habit of various varieties of English peas with which he 
experimented. Eurthcr the diflference between the height charac* 
ters of the Ceylon-grown English peas and the same varieties grown 
in England remained constant through five generations. At the 
Brooklyn Botanic Garden, Black Abyssinian peas when grown in 
the field plots bloom early and reach a height of never more than 
60 cm. while under greenhouse conditions in the winter time under a- 
temperature of 4S* F.-55* F. and growing two plants per 10 cm. 
pot, they* reach a height of over 120 cm. 

Height is best described in terms of iiitcmode length and num¬ 
ber, and stem diameter, as in reality the length of a plant stem is 
due to various combinations of these three elements. Described by 
this method, and only taking into consideration height in peas under 
the general climatic and soil conditions of Long Island, it appears 
best to modify the height ranges assigned to tails, half dwarfs and 
dwarfs as given by Bateson {i) and Keeble (49). 

Tall peas (ljO-360 cm.) have robust stems made up of a large 
number (40-60) of short intemodes or a much lesser uuinber (20- 
47) of long intemodes. This class alstf has very tong roots (j). 

Half-difarfs (60-150 cm.) have eltlier robust or delicate stems 
made up of a small number (10-24) of long intemodes or a larger 
number (ao—40) of short Intemodes. This class is very unsatisfac¬ 
tory, as it represents a very large numher of diverse intermediate 
types. 

Djoarfs (23-60 cm.) have either robust or delicate stems made 
up of a comparatively small number (S-18) of short intemodes. 
This group is easily and accurately distinguished from either of 
the above, even in young stages 3 weeks or so old. 
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VARtETlES SrUDJED* 

Tatis. 

Purple Sugar Pea, Victoria, LaxtonV Alpha and others—^Bateson 
(I). 

British Queen—^Hurst (42). 

Telegraph, Ceylon Native No. i, Telephone, French Sugar Pea-" 
Lock (54). 

Numerous varieties—Tschemiak. 

French Sugar, &Iarket Split Pea, Wachs Schwert, Fisum dattus, 
Mummy and others—"Wliite {impublished data}. 

Half Dicarfs. 

Fillbasket and numerous varieties^—Bateson (i). 

Ringleader, Ceylon Native No. 2 ( 0 . Satisfaction—Lock (54). 
Express, Serpotte, Pleiu Ic Panier (Fillbasket), numerous varie¬ 
ties—Tschermak (Si), 

Autocrat, Bountiful—Keeble and PcUew {49), 

Numerous varieties—White (unpublished data). 

Dwarfs, 

Nunicroti5 varielies—Bateson (l), 

Eclipsis—Hurst (42) * 

C^-lon Native No. 2 (?), EarUest: Blue and others—Lock (54). 
Couturier, numerous varieties—Tschemiak. 

.Nolt's Excelsior, Lastonian and others—White (unpublished data)- 
Results from Crossing, 

Most of the crosses involving height were not grown with enough 
regard to environmental conditions, so that the data, although plenti¬ 
ful, are valuable only for making broad gencraJiaations, In crosses 
between tails and dwarfs, the is generally even taller than the 
tall parent. 

Tii/ir X tails gives only tails in F, and succeeding genemtions. 
Tof/r Xhalf dwarf give tails in la F, Tschermak (81) ob¬ 
tained 48 ulls; 18 half dvrarfs or a ratio of 2.3: i. Bateson (l, 3} 
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apparently secured all three ebsses in some cases in i, t., tall 
dtt-arfs and half dwarfs. Lock (54) secured only tails and half 
dwarfs, but the half dwarfs were of two tj'pes in some case^—those 
with a relatively small number of long internodes and those with a 
rebtively brge number of short inteniodes. The tails were made 
up of a large number of long internodes. 

Tails X dwarfs in F, give tails, often considerably taller than the 
tall parent. In Fj, tails and dwarfs appear in a ratio approximating 
3,1. X.oek ( 54 )» Hurst (42), Bateson and others have eonfirmed 
aiendcFs original results. Mendel obtained In F, from a total of 
l/J&p plants, 7S7 tails and 277 dw'arfs or a ratio of 2,84: i. Of loo 
F, tails, 38 bred true In F„ while 73 tails gave both tall and 
dwarf offspring, approximating a ratio of ^: i. ITie dwarfs bred 
true. Two more generations of this cross were grown by Mendel 
Without securing; exceptional results. 

Hcif dxvarfs X half dwarfs givej in Fj m some cases only half 
diva'rfs. or tails due to heterozygosis (r, 54) which give rise in F- 
and succeeding generations to half dwarfs. In other cases (49)^ 
involving a different set of varieties, the is extremely tall, while 
the Fa generation consists of tails, two types of half dwarfs and 
dwarfs in a ratio approxiiuating 9:3:3: i. Keebic and Pellcw 
crossed two half dwarf varieties differing for the most part in only 
three characters—length and number of intemodes and in diameter 
of stem. Thick stems, short intemodes in large number ( 1 .) X thin 
stems, long intemodcs in sniall number (II.) gave in F, plants with 
thick stems, long intemodcs in large number. In F., 5 Fj plants 
gave rise to 192 progeny of 4 types as follows; 



UmII 

Hijr t>wif u-j. 

ftmK I>wmH fIJ.K 

Uwmwf^ 

A<tURip ^ + r . 

Expected .. 

Ratia. ---^ . 

114 , 

\ 

35 

3 * 

J 

13 

12 

I 


The dwarfs in this particular case all had thin stems and short 
intemodcs. 

Half dTmrfs X dwarfs in F| in some cases give intenuediates 
(*. 3) : *1 other cases half dw-arf height is dominant, In a case of 
the latter type, Tschermak (81) obtained half dwarfs and dwarfs 
in Fj and the dw'arfs remained constant In F,, 
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X dwarfs always gave dwarfs in Fj and succeeding 
generations. 

Interphetatiox. 

The inheritance of height in peas is an extremely important 
subject from a practical standpoint and well w’orth a most detailed 
and thorough study. In most eases, data now obtainable are ex¬ 
tremely fragmentary and too general in character. However, so 
far as our present knowledge goes, two factors arc involved and 
according to Keebic and Pellcw—one (T) determines stem thick¬ 
ness, tvhJle the other (^c) gives rise to long intemodes. The com¬ 
bination of TLe produces tails in and F„ while the absence of 
these factors in F, gives dwarfs with thin stems, iMany dwarf 
varieties have thick robust stems, though all known to me have 
comparatively short intemodes and only few in number. Hence 
it seems to me that T stands not for thickness of stem hut as a 
factor for large number of Intemodes, Interpreted in this manner, 
the formulas for various heights in pea varieties w*ouId be; 

Tall, large number of long intemodes. TTLcLe, 

Half dwarf, large number of short mternocTc^ TTlele, 

Half dwarf, small tiumber of long intemodes, 

Dwarf, small number of short intemodes. ttlele.^'^ 

Both the interpretation of Kceble and Pcllew as weU as the one 
just given fail to account for the usual results from crossing tails 
and dwarfs. If tall^ are bifactorial in composition, in F^ instead 
of tails and dwarfs being the only classes, half dwarfs should lie 
wtremely common, while dwarfs would appear not more than once 
m ev^ l6 segregates. However, the dassificatimi of F, popula¬ 
tions involving tails and dwarfs has been based in all probability tn 
most cases on the length of the mtemodes, all segregates with long 
intemodes. regardess of number, having been classed as tails, while 
those With short internodes wew classed as dwarfs. In this way, 
the usual 1 ratio would be obtained, as only the factor Le is in¬ 
volved. The length of the intemodes are shortened by the^bscnce 
of the factor Fa and increased in number. This explains the tails 
with a large number of comparatively short intemodes. As pointed 
out by Bateson (1), the groups designated tails, half dwarfs and 
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dwarfs art CDiripo&cd of many pure lines differing in a tninor degree 
as to height^ number of intetnodes, eEc+ 

7. Fasciation^ UM ontxATE Inhasrescence. 

Most varieties of peas have either robust or slendefi angular 
or roundish stems, which are SimU at their base and three or four 
times the basal diaincter at their top or flowering region. The 
flowers of such varieties ate in ones^ twos or threes on axillary 
peduncles along a large stretch of the stem. These are the 
ornormaJ characteristics of peas. 

Fasdation in peas greatly alters the above characters by in¬ 
creasing the maximum w idth of the stem at the top f rom I cm. to 
as much as 4 cm. The stem ia this region either presents the ap¬ 
pearance of a flattened^ pressed c>1inder or of an irregular cylinder, 
with side splits and an opening in the top. Leaves as w‘ell as 
branches grotv out from this inside tissue region. The leaf arrange¬ 
ment or phylloiaxy ceases to be regular in the fasciated region of 
such plants, and the flowers instead of being axillary are bunched 
together at the top of the stem in what may be called an irregular 
umbel or bouquet. Not uncommonly in these fasdated plants, growth 
is so uneven on opposite sides of the stem as to eau$e a curling up of 
the stem making it resemble one side of an Ionic capital or a ram^s 
horn. Both Lobel and Gerarde mention and picture a fasdated 
variety of pea in their herbals, and according to all observers the 
character is strictly hereditary* In my own experience, seed of a 
fasciated variety obtained from Eckford of Wem, England^ has 
always bred true to fasciation under every and all sorts of con¬ 
ditions. Fasciation does appear in other plants and in peas, how¬ 
ever, which is not inherited, hut h mainly due to environmental 
conditions. Further this type (8.5) is morphologically indistin¬ 
guishable from the inherited typ^- Blodgett (8.5) dies a case in 
which 90 per cent of the peas of fields grown for canning pur¬ 
poses were afflicted Tvith this trouble, making the crops worthless 
except for green manure purposes, since fasdated peas bear but 
few pods and only when conditions are just exactly right. I have 
seen this same typ^ of fa;£dalion in greenhouse cultures a couple 
of times^ 

ntoc. AMtii, wnit- soc, vol. tvt, Sh ntcKUbiEM. it, ^pt^ 
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Vajiieties StCDIEI}. 

Irish Mummy of H. Eckford, \\'’ein, England. Tlsis is the cotn- 
mon fasciEted variety, which in the seed catalogues of different 
countries takes different naincs. In England fasciated varieties are 
called crown peas. I have experimented with several other fasciated 
varieties which were obtained from Russia and Sweden. 

Rastn-xs fhom Crossing. 

Fasciated stems, utubdlatc iityforejccnee non-fasciated stems, 
axiUary’ inflorescence gives in absolntdy normal" stems with 
axillary inflorescences. In F*, Mendel obtained from 858 plants, 
651 with normal stems and axillary iuEoresceoces and 207 with 
fasciated stem and umbellate Inflorescences—a ratio of 3.14:1. 
Lock (56) and others have confirmed Mendel's results, although 
Lock notes there is considerable variation in the degree of fasda- 
tion in the segregates. Bateson and Punnett (3) secured various 
intermediate types in Fj. 

Mendel carried his study of this cross through the genera¬ 
tion. In Fj, of iQO normal” plants, 33 bred true to normal- 
ness, while 67 gave both normal and fasciated plants in a 3: l ratio. 
In F, no exceptional results were obtained. 

iNTEaPaETATlON, 

Considering only genetic results, the hereditary difference be¬ 
tween “ uormal ” stemmed and fasciated stemmed peas is the pres¬ 
ence and absence of a single factor men Fa is present, the 
sl^ms are normal. In its absence, they are fosciated. 

8 . Leaf Axil Color. 

Generally associated with leaf axil color is color at the point of 
athichment of the plnn*, colored margins in the young leaves and 
color at the base of the stem. The color is either red associated with 
pink flowers, or reddish purple associated with reddish purple 
flowers. Owing to changes in environment, particularly the amount 
of sunlight, the color varies in intensity even among the axils of the 
same pbnt. Although always associated with colored flowers and 
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colored seed there arc foims of PlsHm with colored flowers 

and unpignicnted axils. In the absence of pigment, the leaf axib 
and other structures noted above arc greenish white or yellowish 
green, with which are associated white flowers and colorless seed 
coals. 

Varieties Sivnim . 

Colored Axils, Colored Flowers* 

Puqde Sugar Pea, Purple-podded Pea, Irish Mummy (P. sal. um- 
bellftUfm Or Egyptian Mummyp Crown pea, etc.). Purple-flowered 
Field Pea—Lock (54, 56). 

English Gray Field Pea—'Darhishire. 

Graue Biesen (Purple Sugar), Svalof F. onL, Nos. VI,, VII., VIII., 
IX., X .; Red-flowered Kneifelerbse and Olhcrs—^Tsdierimk (Sr, 
86 )* 

Non-eolored Axils, Colored Flowers. 

Svalof P. arv.. No. IV.—Tschermak (86), Tcdin. 
humiie ?, P. quadfatum ?—Sulton (74) ♦ 

Non-colored Axds^ fVhile Flotoers^ 

A large number of Tvbile-flow^ered varieties have been used in 
studying inheritance of axil color. Among them are, 

Laxton's Alpha, Veitch's PerfcctioUp Sunrise^ British Queen, Vic¬ 
toria Marrow^, Tres nain de Bretagne and othcr$—Lock (54, 56). 
Victoria Marrow, Emerald, Yellow-podded Sugar Pea, and others— 
Tschermak (86)^ 

Results from Crossing. 

Colored axils, colored flowers X non-colored axils, colored 
flowers in Fj gave all colored axils, colored flowers. In Fj, Tscher^ 
mak (86) obtained in such crosses, 

Actual, 132 colored flowers and leal axils: 49 colored flowers^ non- 
colored leal axils. 

Ratio. 2.7 t I 

Exf>ccied, 135-75 = 45-^5 
Ratio, 3 : 1 

Colored axits^ colored flowers X the same always breeds true in 
Fi and succeeding generations. 
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Colored axUs, colored Jloivert X noimolored axils, white flowers 
fives in F, colored axils, colored flowers. In F* the lollowing re- 
suits have been obtained i 



c. A«., Col, rt. 

' A^., White n. 

A^iiLo. 

Mmdel. 

Lock-,....... _/ 

70 s 

*a4 

324 

OS 

3lE~l 

3 . a3 : 1 


In F„ Mendel frew the progeny of too of the F, colored flower, 
colored axil segregates and found 36 bred true, while 64 again gave 
both the F, classes in similar proportions. In F* Mcndd secured 

no exceptional resulfe. 

Lock’s results (56) from selfing F* colored flower, colored axil 
segregates coiiflrnicd Menders results, part of them breeding true 
and a greater proportion ^ving both classes again. 

Back-crosses of X colored flowered, colored axil parent gave 
all progeny with colored flowers and axils, 

F| crossed with a white-flowered, non-colored axil variety gave 
44 progeny with colored flowers and'axils and a6 with white flowers, 
F, whtte-flowered segregates X pure-colored flow er, colored axil 
varieties gave all colored flower, colored axii oflfspring. 

NoM-£ohred axils, colored fltrwers X the same breeds true. 
Non-colored^axds, colored X non-colored axils, white 

flowers in F, gives all colored flowers and colored axils. In F„ 
Tschcimak (86) obtained from a population of S45t 
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The proporhon of segregates with colored flowers and colored 
axils to those with colored flowers and nncolored axils was 336:83 
or 4:1, whereas the theoretically expected proportions were 314.2?; 
iO4?S0r3:i, ^ 1 a* 


Extracted white-flowered 
up in later generations of the 


segregates derived from the splitting 
F, segregates with colored flowers and 
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non-co]oticd 2x1!$, crossed with either colored fiower, non-colored 
iixiJ segregates or with the pure ancestral colored flower, oon-col- 
ored ajdl variety always gave progeny with no color in their axils. 

White fltnvered races crossed with each other never have given 
progeny with colored axils. 

1 NTERraETATIOir. 

All the data bo far obtained indicate that color in the leaf axils, 
pintiss, and stem base are expbinable on a factor basis, one of 
the factors (C) being absolutely coupled with the pink pigment 
flower factor (A), The other factor (DJ is inherited Independently 
of A or of any other factor so far as our present data go. Since 
A and C are absolutely coupled, it is simpler to consider them both 
as one factor (A). Regarded thus, colored axils result from the 
joint activity of A and D. In the absence of D, the plant will have 
no axil color, though the Bowers and seed coats may be colored or 
noa-colored (white). The factor D may be present in varieties 
with colored flowers or varieties with white flowers. Interpreted 
in this manner, all the above data are sbnply explained and all the 
various combinations mentioned may be obtained. The formula; 
for the various varieties of peas would then be: 

1. Colored flowers, colored axils | 

i AABBDD 

2 . Colored flowers, tion-colored axils J AAbbdd 

f AABBdd 

3. White flowers, nonniolored axils f 

( aaBBdd 

Tsehermak (86) has given the formulas for y varieties with col¬ 
ored flowers and 5 varieties with white flowers. AH the white* 
flowered varieties so far experimented with are aaBBDD, the 
aaBBdd class being represented only by Tsehermak’s true-breeding 
segrt^tes from crosses of a X 3. 

9. Flower Color. 

Flower colors in ail the cultivated varieties and species of peas 
arc easily separated into three sharply defined classes, between which 
there are no intergrades. These color classes are white, salmon 
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pinlt, and reddish purple. The wild forms of /’ijum most closely 
related to otir common cultivated forms all have colored flowers of 
the reddish purple class. This last class is the only one in which 
the color varies according to the variety. The degree of variation 
is small and largely confined to a small group of wild or near wild 
Asiatic varieties of w^htch P, liuimVc Boiss. and /iirfittfc ? of Sut* 
(74) are wild ^"pcs. In this group of purple-flowered forms, 
the colors are dull and of about the same shade in both standards 
and other parts of the flower, the common purple-flowered forms 
being bi-colored (i, lighter color shades in the standards). Ben¬ 
ton is die most pronounced in light-colored standards of any of the 
bi-colored purple-flowered sorts. Environmental changes commonly 
met with in pea cultures have very little modifying effect on flower 
color, though wet, cloudy weather causes pink-flowered plants to 
produce white flowers. 


VAaieriEs Studied. 

A large number of varieties have been studied, many of which are 
designated under the sections devoted to leaf axil and seed coat 
color. Reddish purple and white-flowered varieties are most com¬ 
monly cultivated. The pink-flowered variety most easily procured 
is Irish &Iummy, known also as Mummy, Egyptian Mummy, P, 
iat. umbeUatum, etc. Many field peas and “sugar pod" peas have 
colored flowers while the great majority of the garden peas are 
white-flowered. 


Results frou Crossing. 

I 

Lock (56) and especially Tscherraak (84, 86) have given ad¬ 
mirable summaries of the work on this set of characters, making it 
unnecessary to go into great detail here. 

Rurp/c /lower X purple flower gives only purple-flowered off- 

Spring m Fj and succeeding generations, 

Purple jtower XpiTtk flower in gives all purple-flowered off¬ 
spring. which in F, give both purple- and pink-flowered segregates 
in proportions approximating the 3:1 ratio. In F„ the pinks and 
^rt of the purples breed true, the remainder again breaking up in 
the expected Mcndclian proportions^ 
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Purfle ftower X white flower in give all purple-flowered 
progeny. In F^, generally only purple- and white-flowered segre¬ 
gates in an approximation to the 3:1 ratio are obtained. Menders 
results from a total of 929 F, were: 

705 purple red 1 224 - whites or a ratio of 3,15:1. 

In F, the whites tested and approximately one third of the 100 
tested purple reds bred true, while about two thirds (64 Fj ind.) 
gave purple reds and whites again. 

In crosses of certain true breeding white segregates with purple- 
flowered races, purples are obtained in F,. while in Fj, purples, 
pinks and whites occur in proportions approximating 9‘3;4- 

Pittk-ftowered varieties crossed svith each other generally give 
nothing but pinks in Fj and succeeding generations. 

Pink fiouferX white flower in F, commonly gives all pnrple-red- 
flowered offspring, which in F, give purples, pinks and whites in a 
ratio of 9:3:4, Lock (56) and Tschermak (86) obtained the fol¬ 
lowing results^: 



Pid-plc- 

PJaSlL 

mite. 


I-Oclc m ^ m a. A. i. l.. . 

, , , , .. 

I 4 t 

jrt'T 

43 

TAji 


^49 



1^4 



Total ..... 

Eilwrtcd 

S4> 

147 

17 MS 

3^0 

91 S 


In F„ the F, whites and part of the F, purples and pinks breed 
true, but the greater proportion of the latter two classes break up 
again, the purples giving either purples, pinks, whites; purples and 
whites, or purples and pinks, while the hetcro2^ous pinks only 
give pinks and whites in a ratio of 3:1, the actual results obtained 
by Lock (56) being 113 pinks:30 whites. Out of 16 F, pinks 6 
bred true in F, while 10 were heterozygous for pink and white. 

Back-crosses of the F, of this cross with pure wrbite-flowered 
varieties gave 44 purple and 26 white-flowered plants, the theoret¬ 
ically expected being 35 of each. Back-crosses of this same puT>le 
Fi with the pure pink strain gave 31 purple and 17 pinks, where an 
equal number of each was expected. Back-crosses of F* purples 
and whites with pure white and pure pink varieties gave results 
show^ing there were two genetic sorts of whites. 
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White fit}wer X while flower always gives while-flowered prog- 
eny. 

Tscheriuak has carried out and published {S4) the results of a 
ver>' complete series of back-crosses of Fi’s, F,’s, F»'s, F/s and F^’s 
with pure varieties and of the segregates of each type from several 
of these generations with each other. This work of Tsdiermak's, 
together with that of Mendel and Lock has put the genetics of flower 
color in Pituht on a verj- strong basis of fact. 

Ail these and other studies on Pieum flower color have shown 
colored flowers to he always assocbted with colored seed coats, 
colored ieaf axils, indent seed, etc., while white-flowered races are 
always characterised by their absence. Further, of the two colored 
flower types, purple flowers are always associated with reddish 
purple axil color and purple dots on the seeds, while pink-Sow’ered 
raneties are associated with reddish leaf asiU and reddish dots on 
the seed coat. Both purple- and pink-flowered forms are knowm or 
have been obtained through crossing which lack axil color or dotted 
seed coats, though all have the gray-brown seed coaffor which the 
factor Gc stands, 

Exceptigtuil CiWffj.—In several cases both Tschermak and Fru- 
Winh have secured purple flowers in F* from crossing two pink- 
flowered plants, where only pink was expected. Tschermak tenta¬ 
tively regards these pinks whidi give rise to purples as individuals 
w-hich were really purples geneUcally, but for some reason the union 
of the factors A and B failed to produce purples when they were 
expected. Later B became active again. These exceptions are 
Still tuider itivestsgalion. 


ISTEH^RETATIOJl. 

According to Tschermak, flower color in peas is due to the pres¬ 
ence and absence of two factors^a diromggen factor A and a color 
jnodifier or blueing factor B. men A only is present the plants 
Uve Klmon.pmk flowers, when both A and B are present the pink 
color IS modified to a purplish red. When both A and B are absent 

flower'' T ^ ^ 

oE A V ® itself in the absence 

A. All white-flowered varieties so far tested have shown the 
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presence of B by giving purple flowers in Fi in crosses with thepinlis. 
Tschermak and Lock, however, have obtained true breeding white- 
flowered s^egates lacking this factor. 

When the necessary factors for axil color and dotted seed 
coats are present together with A, these respective regions are red 
pigmented, which if B is added, are modifled to purple. In the light 
of the present genetic data, then, varieties of peas iti respect to flower 
color have the following fomiiilas; 

Purple flowers ..A ABB 

Pink flowers ..AAbh 

White flowers...aaBB 

White flowers (segregates only) aabb 

to. Time of Flowebinc. 

Varieties of peas vary from about 35 to 150 days or more in the 
time it takes them to reach the flowering period from the date of 
planting, when all are planted the same day and grown under similar 
conditions. As might be expected, different varieties of peas react 
somewhat differently to changes m environment as regards the 
time it takes them to reach the blooming period. Grown in to cm, 
pets in the greenhouse id the winter time this period is considerably 
lengthened in several varieties, while w*ilh other varieties there is 
practically no change—the same length of time being required as 
in the field cultures. Between the earliest and the latest blooming 
varieties, there is a continuous range of varieties with blooming 
periods at most not more than four days apart, so tliat in a random 
collection of a hundred varieties, one might record another variety 
in bloom almost every day. Between the individuals of a variety 
such as arc many of the dwarfs, the individual variation in time of 
flowering is small, ranging over three to four days. Among the 
so-called **half dwarfs" and tall varieties, individual variation 
within the variety has a much wider range. Dwarf ness, although 
generally associated w-ith earliness, is also associated with medium 
late blooming varieties, but tall varieties arc but very rarely early 
bloomers. 

Lock (54), Tschermak (85) and Hoshitio (40,3) have each 
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noted that white flower color is genetically associated with eaHincss 
while colored flowers are associated with late Sow’enng. The asso¬ 
ciation is not of an absolute nature in either case, as some of the 
latest flowering forms such as Spite Gold are white-flowered. None 
of the earliest varieties, however, have colored flowers, but this may 
be a coincidence, since varieties with colored flowers have not been se¬ 
lected for earliness and early flowering forms may have arisen 
which remained unnoticed. 

Horticulturists and seedsmen divide varieties of peas on the 
basis of time of bloom into early, second early, medium, medium 
late and late. This Classiflcation is too general for scientific pur¬ 
poses, though of much practical value. 


Varieties Stddiek. 

Numerous varieties—Tschermak (85). 

Ceylon Native No. i, French Gray Sugar Pea—Lock {54). 
Bountiful, Autocrat—Keeble and Pcllcw (49), 

Victoria Marrow, various Finnish and Russian Field Peas_^Rc- 

lander (S6), 

"Early White-flowered Dwarf." "Late French Large-nodded.'’ 
" Mans Hoshuio (40.5). 


Results from Cuossixd. 

Crosses of an earlier flowering variety with a later flowering 
variety generally give an intermediate in F, in this respect Re- 
latider however, finds that if the flowering periods are very 
close together the blooms at or very near the same time as the 
earlier flowering parent, but where the blooming periods are far 
apart, only intermediates are obtained in. F,. Keeble and Pellew 
( 49 ) secured intermediate F,’s from crosses of two varieties with 
owcniig periods about a month apart. In Tsehennak’s (85) 
crosses, the F/s were either intermediate or near the late flowering 
^rent. Id one case the F/s were all as late flow'ering as the late 
Qwering parent. In Hoshino's crosses, the F, was nearest the latc- 

ti^*^ tL crosses in respect to flowering 

eZl ^’ have been extremely small, Rebnder and Hoshino 

employing the largest. 
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In F„ the usual result is n complete or almost cumpkte inter- 
grading series with occasional small breaks. The dassihcation of 
such a series into early, intermediate and late is generally arbitraty, 
though often based on the blooming period of the two parents and 
the Fj when these are grown under the same or similar conditions. 
With such a method of classiftcation, Tschermak obtained from 
crosses involving seven different varieties, the following results: 

Actual, 6 o early; 190 intermediate; 8 $ late, 
Expected, 63,3 early: 190 intermediate;S44 late, 

Ratio. 3 : 9 14, 

Keeble and Pellew from crosses involving two varieties obtained 
63 early: laS intermediate: i late. Lock (54), classifying them in 
three S’day frequency classes, obtained 63 early: 186 intermedi¬ 
ates : 279 late. 

Lock (54), Tschermak and Hoshino (40.3) have noted an F, 
association between colored flowers and lateness on the one hand 
and white flowers and earliness on the other. The modifying rela¬ 
tion or coupling, whichever it may be, is only partial, as the follow¬ 
ing Fj results show; 

Class. Early. Inteimediate. Late. 

Flower color.white purple white purple white purple 

Tschermak ... 25 22 48 94 4 64 

R;itio .. I : .83 : 1 ; 1,96 i ; j,j5 

WTiite flowers: purple flow'crs 77:180 or 1:3.34. 

Lock. .....29 34 79 107 104 175 

. 1 : 1 .17 I : 1.3s I : 1.6S 

Purple Sowers; white flowers 383:123 or 3.13-1. 

The expected relation of the purple- to the white-flowered class, 
providing there was no coupling, is of course 3:1 in each of the 
classes—early, intenncdiate and late. 

Tschermak {85) and Keeble and Pellew (49) have obtained some 
curious results regarding tbe relation of tallness and dwarf ness to 
the time of flowering. In the one case {Fig. 3B) given by 
Tschermak the F, is tall and almost as late flowering as its late- 
flowering parent. In F, 32 tails and 10 dwarfs result. Qassifying 
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the tails by their blooming time, the result is 9 early: 15 interme¬ 
diate: 8 late. The 10 dwarfs were 6 intermediate:4 late, no earlics 
being obtained where most expected. 

Keeble and Pcllcw found Lateness in blooming correlated with 
short intemodes and earliness with long interooejes. Classified on 
this basis, their results are: 

Early. leterroedtate. Late, 

,, 53I-510S 93L:35S oL:tS 

Normally expected ratio.3 : 1 3 t i 3:1 

Qassified so as to show the relation of both the character of the 
stem (thin or thick) and the length of intemodes to time of bloom, 
the results were: 


6 ^ Early 

J ^8 Ittierm^dtale 

J Late 

22TL 

92TL 


2TI 

31TI 


3itL 

itL 

_ 

sa 

411 

itl 


Providing neither linkage (coupling) nor modifying effects were 
present, 1. e., independent both in inheritance and development, the 
theoretically expected ratio in each of these classes is 9:3:3 :i. 

In F», Tsehermak found some of the F, earUes and aU latcs 
remained constant or bred true. Some of the early class gave both 
early and intermediate. The intermediates in some cases bred rela¬ 
tively true, in other cases giving intermediates and laics and in still 
other cases giving alt three classes. 

In several cases in F* and F„ segregates flovveritig either earlier 
than the early ancestor or later than the late flowering ancestral 
o^staincd and these remain constant in later gene rations, 

Tlic F^ generation resulu bore out the F, expectation. 

Hoshino's studies involved 30,000 F„ F„ F, and F* generation 
plants, and his resuIu are similar to those obtained by Lock and 
Ischemak, as regards flower color and time of flowering, but in a 
cross between an early flowering dwarf variety and a late flowering 
taU one, he found no evidence of coupling between the factors foT 
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height and flowering timep a£ did Keeble atid Pellew. An F. popu¬ 
lation from such a cro^s gave 23 £0:89 ET:76 LD:i83 LT 
(Table £). 

I XTEBPRETATro N. 

Tschermak has provirionally mterpreted has results as due to 
the presence and absence of two factors, with the possibility of there 
being a thirds although he states this character is probably much 
more complicated. 

The two factors are a or pulling factor and a “ Treib ” or 

driving factor^ there being possibly two of the latter. The "Zug" 
factor produces intermediates with a tendency to be late-flowering, 
while the '^Treib*^ factor modifies the **2ug^* factoral expression 
so as to give early flowering forms. By itseifp it cannot alter the 
sidtus quo. In the absence of botht constant laie-flovvering forms 
are produced. 

The second "Treib"^ factor postulated is a positive present in 
all peas, givmg constant btes in the absence of the other two factors 
or constant earlies in the presence of the other factors. The various 
varietfes experimented with, on tlie two factor conception, would 
be represented by fornmlx as foUmva: 

Constant early ..AABB, 

Constant intermediate.* .... A Abb, 

Constant late .aaBB or aabb. 

Combinations of AABB X aabb would give in an interme¬ 
diate AaBb. In Fj the expected ratio of earlvp intermediates and 
la tea w'oiild be 319^4. Further explanation is long and compli¬ 
cated. In view of the iiutuberless varieties -with differences in the 
length of time it takes them to reach the blgoming period, it appears 
to the writer that some cases should he of simpler composition than 
others—the early, intermediate and late classes being interpretahle 
as combinations of a single pair of factors^ which in ivould give 
a T: 2 :1 ratio. 

Hoshino C40.5) also interprets bis genetic data on time of flow- 
erirtg by means of two factors, one of which, Lf (A), determines 
the proper'" time of flowering in the late parent, w-hile Ef (E) 
modifies the expression of Lf toward earlier flowering, and is"hypo- 
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Static to U. The absence of U is epistatic to the absence of Ef, and 
detennines the time of flowering of the early parent, wMc the 
absence of ^ causes the early variety to bloom a few days bter. 
Crametic contamination of some sort is believed to be involved, but 
the factors are distinctly stated not to be inconstant** in the sense 
in Avhich Castle (lo) uses the term, y ("A") is partially coupled 
with factor A for flower color, the proporttoii of non-cross-over to 
cross-over gametes approximating 7; i. 

II. NUMBEa FtOWERS PEJt SlKCLE PBOtTSCLE, 

Flowers in Pisum are borne either singly, in twos or in threes on 
a single axillary peduncle, unless the factor for normal stem is 
absent. P, elatius is an excellent example of the “flowers per 
peduncle 2^3 ” while most of the commonly cultivated varie¬ 
ties are two-fiowered or 1^2-flowcred, Such early forms as Veloc¬ 
ity, First of All, and Black Abyssinian are almost totally single 
flowered* 

According to Hurst {44), the tendency to bear pods (and con¬ 
sequently flowers) in pairs is inherited* Vilmorin (90) states 
t-flowered and t—2-flowered peduncles to be dominant to 2-3-flow*- 
cred peduncles, these two characters being determined by the pres¬ 
ence and absence of a single factor. Iti the table, this is designated 
Fn. Strictly one-flowered types and their relation to the t-2-flow- 
ered type apparently have not been studied, 

12, Foliace axd Stem Color, 

Tlic foliage and stem color of peas is dther green or yellownsh 
green, each color generally being associated with unripe pods of the 
same color, although a few purple and yellow podded varieties of 
peas are known with green leaves. Green or purple podded yellow- 
leaved varieties are unknown. Gold von Block sberg and Goldkonig 
are tj'pical yellovi’-kavcd varieties. 

The writer obtained from crossing yellow foliage, etc., X green 
foliage, etc., green foliage, green podded F, pri^cny, which in F* 
gave 681 with green foliage, green pods and 222 with yellow foliage, 
yellow pods, the expectation being 677; 226. Of 45 green foliage. 
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green podded F, segregates lested in 14 bred truep while 34 gave 
both yellow and green foliage and podded Fj progeny, the total 
ratio being 427 GF ; 146 YF, 15 Fj yellow'^foliage segregates gave 
all yellow-foHage Fj progeny. g^ve ng exceptional results. 

I nterfeetatios . 

Varieties w^ith green foliage and green pods differ from those 
with yellow foliage in the form mvestigated by the presence of the 
factor O. Hence all varieties of peas investigated with green foliage 
are OO, while those with yellow foliage are 00. 

13. Tes'dbjlled akd Non-Te.S'drilled Leaves. 

With one exception, all cultivated varieties of peas have leaves 
in which part of the pinna have been replaced by tendrils. This 
one excepticffi—the Acacia v-arietj"—has wrinkled seeds and no ten¬ 
drils, the place of the tendrils being taken by extra pinnae. The 
variety breeds true as regards both the characters mentioned^ Its 
origin b unknown^ though the variety i,vas first studied by Vilmorin 

(S9, 90)- 

REStTLTS FROM CROSSING. 

TcjiifriV/ed^ round se^d X Acacia, wrinkled seed gave in Fj aJl 
tendrillcdp round-seeded progeny. In some crosses, the tendrils 
are slightly strapped^shaped, espedalLy in the youngest tendrUIed 
leaves. Otherw'ise dominance of tendril i$ complete. 

The Fj plants bore round and wrinkled seeds in the usual 3: i 
proportions and tlic F, proportion of Eendril and Acacia plants was 
as expected, approximatety 3:1, In such a cross, providing these 
two pairs of characters were independently inheriled+ four classes 
in a ratio of 9:3:3: l would be expected. When the seed and leaf 
characters were thus cotisidered the four expected classes were 
found, but the proportions were awry, the two middle classes being 
all but absent. In other words, the F^ round seeds gave almost ex¬ 
clusively ten drilled plants, while the F^ wrinkled seeds gave practi¬ 
cally all Acacia or nou-teudrtiled plans^ showing that round and 
tendrils, wrinkled and Acacia were almost completely linked or 
coupled together in their inheritance. 
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In the Fa gencratioUp or from hetemzygotes of the mne com 
position as the following rcsnlU have been obtained: 


tovatlipCar-. 

Rjwmd Gain 

W ritaiy h 1 Sc*di 

TcbilriL 

Awiiu 

Teodfil. 

Aea£i^ 
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The first three series of re^ts are less accurate than that of 
PcUew because the classification of rounds and wrinklcds was not 
made by examining the starch, hence errors occurred—wrinkleds 
being sown for round and pice By the starch examination 

niethodp there could be no such mistakes, as wrinkleds akeays have 
“ compound ” or much split roundish starch grains. 

TendnUed Txjnnkted X constant round-seeded Acacia segregates 
(64) gave in Fj the usual results, hut in F,, the round seeds gave 
502 tcndrilledp 270 Acacia^ while the wrinkled seeds gave 264 ten- 
driUedp o Acada, 

PeUew tested out other pairs of characters with tendrils and 
Acacias to see if there was any coupling, but none w^s found. 
Among these pairs tested were tallness and dwarfness, yellow and 
green cotyledons, purple and white flowers^ glaucous and emerald 
foliage and fasciated and normal stems. 

Interpretation, 

The factor (R) for roundness of seed, etc., and its absence (r) 
for wrinkled seed* etc,, have already been considered, Tcndrilled 
and non-tendrilled plants (Acacia) are due to the respective pres¬ 
ence and absence of the factor The peculiar rados obtained as 
regards both sets of factors show that partial linkage or coupling 
exists between R and Tl on the one hand and r and tl on the other. 
The interpretation of the manner in which this pai^al coupling is 
brought about is too extended to consider here. Suffice to s^y that 
Bateson ( 3 - 5 ) und his students explain it by somatic segregation and 
the increased rapidity of growth of the germ cell area which is to 
give rise to the large classes, as compared to that which gives rise to 
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th^ small classes. This is called ih^ reduplication hypothesis. 1^1 or¬ 
gan and his students (6[,&?,73) explain the same facts in a wholly 
different manner onthehasisof the tiitear arrangement and '*linkage" 
of groups of factors together in the same chromosome, and the occa¬ 
sional crossing-over of factors to the opposite or homologous 
chromosome during the maturation divisions. To the writer, the 
latter appears to be the more simple interpretation and better sup¬ 
ported by the facts. 

14. Bloom. 

With comparatively few exceptions, all varieties of peas have 
a waxy surface covering on their Leaves, stems, pods and other plant 
parts. The varieb'es from which this is absent are known as 
Emeralds and very easily become diseased. Emerald varieties 
studied by Vilmorin (89) are Emereva, Johnson's British Empire 
and Pois a brochettes. 

Results from Crossing. 

Glaucous (w'ftrj) X glaucous gives glaucous. 

C/nucour X emerald in F, is always glaucous (89, 86, 92). In 
Fj, the folbwing results have beea obtained: 


iRvmlttUw. 

CbnDouk, 1 

1 EjQsnld., 

T»u1. 

VIlmOrfD , t 1 ,,r „+, + X r * fc * 
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53 
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In F,. of 15 F, glaucous, 5 gave all glaucous, tvhile 10 gave 133 
glaucous:32 emeralds. I5 F. emeralds tested in F, gave all or 199 
emeralds. 

Einerotd X emerald (89, 92) gave glaucous in F, which in Fj 
gave glaucous to emeralds in the ratio of 9:7. Vilmorin crossed 
Emereva (emerald) with two other emeralds noted afjovc with the 
same results. The following results were obtained from 2 F^ plants 
in F,i 

rsoc. AHEH. nUL. fOC., VOL. LV, RR, USCLMgak. II, 1917. 
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Plant A* 27 : 20 emenild, 

Pl^m Bp 23 i 21 

Actual, 50 : 41 

Calculated, 51 .t : ^.8 

In F, 6 Fj glaucous plants gave in one ca^e all glaucous, in 5 
cases both glaucous and emerald. Of 3 emeralds tested m F,, 
only emerald progeny resulted* 

Interpretation, 

The above data show that two factors are involved in the inheri¬ 
tance of bloom; in the absence of either or both, the plant is 
emerald. No emeralds have been obtained as yet in ivhich both 
factors for bloom arc absent. Regarded thus, in respect to bloom 
and its absence, varieties of peas with bloom are BlBlW^V, while 
emeralds may be either blbhvw, BlBlwvv or blblWW, Emeralds of 
the first type should be obtained as segregates. 

15. Productive 
¥ 

Productiveness is to be regarded as a composite character or one 
made up of a ver)' large number of other characters* Length of 
vine, number of intemodes, number of pods per single peduncle, 
number of pods per plant, length of pods, number of pea ovules 
per pod, number of peas matured per pod are a few of the heredi¬ 
tary characters, the combined results of which are called productive¬ 
ness. In addition to the^ there are a host of environmental condi¬ 
tions which cither raise or lower the hereditary productivity of a 
variety. For a scientific study of the heredity of productiveness. 
It is necessary to eliminate as nearly as possible variation caused by 
environment, and this is most easily accomplished by growing the 
varieties to be studied and their hybrids under as near as practicable, 
one set of conditions. A study of this character under these condi¬ 
tions, so far as I am aware, has not yet been published. 

Varieties ol peas, as well known, differ remarkably in the aver¬ 
age number of pods they bear, and these variations are governed, as 
usually studied, quite as much by environment as by heredity. Such 
early varieties as Morning Star, Excelsior, Velocity and others do 
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well tindttr ordinary condition^ if they average four pads per vine* 
wrhile Some of the late varieties with large vines may averdige 30 to 
50 pods. Variation in the number of pods per single vine is large 
even among the individuals of a pure varietal straiop but in some 
cases this may be regarded as almost entirely environmentab Fur¬ 
ther the extremes as to few or large nuntber of pods never transcend 
certain limits, and supposedly these limits represent the character 
of the environment, whether most unfavorable or most favorable. 
Olin (63) records a plant grown In the Colorado mountains under 
exceptional conditions which was 3 meters high and bore 650 pods 
averaging 5 peas per pocL On the other hand, some of tiie wild 
forms average 4 pods per pUnt, 

Hurst (44) grew 112 varieties under about the same conditions. 
From data on these, the heaviest yidders appeared to be those varie¬ 
ties with the largest number of pairs of pods, hut he states this to 
be more apparent than real. Some ^'oriedts generally bear pods 
singly, while other varieties have them in pairs or in threes. Twenty 
plants oi Velocity gave Hurst 202 singles and no pairs, while a 
score or more of plants of other varieties gave all the way from 4 
doubles:471 singles to 142 doubles 1593 singles. 

Shaw (70) from a large series of biometrical studies on sev¬ 
eral pea vajictics came to the conclusion that the number of pods 
per single plant was not a heritable character, but that it was cor¬ 
related with vine length, which is heritable. Shawls experiments 
and treatment of iiis material, however, were not of such a character 
as to throAv much light on this subject. Shaw and others poiut out 
the probability that each node is potentially capable of producing 
pods. In most modem studies of heredity, however, one considers 
only the physical characteristics of a plant or a variety as they 
actually are under a given set of environmental conditions and not 
the potentialities or possible varbtsons of this plant or variety under 
a thousand and one cnvironmmts in which it might be grown. 

The [iToduclivity of any variety of pea, as is vvell knowm. is in- 
creased by harvesting the green marketable pods, instead of allow¬ 
ing the first crop to mature. 

Felander (66) has begun n careful study of the problem of pre^ 
ductivity in peas by growing the parents and crosses in pots of 
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fiinikr size and soil conte^tiis under the same environmental condi¬ 
tions and taking data on the total plant, seed and straw weight 
per pot, weight per ^,000 seeds^ the average number of pod-carrying 
intemodes and pods per plant and the average number of seeds and 
Seed ** Anlagen ” or ovules per poi In crosses between varieties 
or pure lines differing in these respects, the F* progeny gave various 
results, depending on the varieties crossed and the character consid¬ 
ered, In all crosses* the individuals of one pure line culture of the 
varict)' Victoria were used as one of the parents, the other parents 
being from pure lines of Russian and Finnish field pea varieties- 
The Fj results as given by Relander are in figures with which fig^ 
tires from the two parent varieties are given for comparison. Table 
A roughly represents the character of the progeny in terms of 
the parent characters. Intermediate means only approximate In¬ 
termediate condition, Relanderis figures showing that the produc¬ 
tivity in most of the cases marked intermediate was nearer that of 
the more productive parent. 


TABLE A. 

Dtftebekt Fi Vaetetai. CtiesSEs. 


Chi up aw. 

t. 

If, 

IJC 

IV. 

V. 

1 VI. 

TotAl wel|fat ^fy plant i>cr 

_l“l.. 

H.E.P. 

Tnt. 

Int. 

H,P. 

H.P. 

H,P. 

Total «*«a weislil per pw.. - * 

H.E.P, 

Int. 

inu 

HP. 

H.E,P. 

H-E iP, 

Total itraw welRht per p^i... 

Inc 

Int. 

tnt- 

H.P, 

Ih,P- 

Ini. 

VVelfitit per 1,000 BeetJs {only 
fully matufr, 'NvdlH:levclDp«) 
setd cisHlI__ _ _ 

Int, 

lot. 

Int. 

Inu 

Int. 

Int. 

Ave. no, of pod carrythR Inter- 
nodrt per plant ^ 

H.P, 


Int. 

L,P, 

InC 

Int. 

Avv. fto. pocJi per plant. * 

H,P. 

H P. ^ 

HP. 

Int. 

lot- 

Int. 

Ave- ho. fiKiiH ner pod... 

tut. 

H P. [ 

H,P. 

II,P. 

H.E.P. 

H-E.P, 

Av. no. of or Bee 4 ** Aa- 

twp<hl....,__ 

All IntcmifdlatF bnt nranrr 
parent. No data on No. Vl, 

the blBh 

prodncini 


= HEghcr than either parenL 
H.P. = I>QininaRi;5 of oi&re productive parent, 

LP, Dominaticc of less prodyctive parent, 

InL ^ Intemiediate. 

Rcbnder interprets the differences in her results as due to dif- 
Frances in factorial composition of the different varieties she used. 
« does not behevc that the increased productivity obtained in 
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Certain of her crosses is due to heterozygosis in the sense of East 
and Hayes (27). 

16. Poo COUOH- 

As regards color of unripe pods, varieties of peas may be classi¬ 
fied into three groups—green-podded, yellow-podded and purple- 
podded. 

Cri^eif-podded varieties are the most common and are typical of 
aJI the wild species* Green pods are never associated with yellow 
foliage. 

Yellom-poddcd varieties often have bright yellow pods associa¬ 
ted with ydlow fiowTr-bcaring axes, green stems and foliage. AH 
yellow-foliaged varieties, such as Goldkonig and Gold von Bldcks- 
berg. have yellow or yellowdsh green pods. AH yello^v-podded 
varieties known to me have yellow cotyledons, aUhough segregates 
have been obtained with yellow pods, yellow foliage and green 
cotyledons. 

Purple-podd^d varieties such as Nero and Purple-podded Field 
Pea have colored flowers and gray seed coats. Tschermak (86) 
cites Vilmorin as saying that weak purple pigmentation has been 
found in pods on whitc-flow^ercd plants. Lock (56), Tschermak 
(86) and Fruwirth (34) have found considerable variation among 
different pods of the same plant, some pods being w^holly purple, 
while others are purple splashed with green in various degrees. 
Plants with all purple pods arc also found. Fruw-irtb attempted to 
secure by selection a stable pure green-podded race from the green 
and purple-splashed podded plants. Ten generations gave entirely 
negative results. Strains having only purple pods were secured irt 
these same experiments by planting seeds of vrholly purple pods. 
Fruwirth regards the appearance of these true breeding purple- 
podded strains as bud mutations. 

Results from Chossinc. 

Gre^n pod X green pod always gives green pod (pure varieties) ^ 

Green pod X yellow pod gives in F, all green-podded progeny* 
In Fj Mendel secured appro.ximately 3 green-podded plants: i yel¬ 
low-podded. Tschcrmak*s results involving crosses of yellow pod 
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with 8 very distinct varieties with ^een pods confimicd Menders 
results. Ip some of these crosses, Tschermalt obtained cotored- 
flowered, yellow-podded segregates which remained constant. 
YeJJow-pod si^egates always bred true, while the green-pod Fj 
segr^ates in Fj in some cases were constant, and in others gave 
both green- and yellow-podded plants. 

Creen pod X purple pod in Fj always gives all purple-podded 
prt^eny (56, 86* 34 p 9 ^}. In F^, Lock obtained five different tvpes 
of segregates—segregates with all purple pods, with all green pods, 
and segregates having greeti pods with various degrees of purple col¬ 
oring. Some plants we re very f ain tly pigmented. Tschemiak obtained 
small F, numbers—to pnrpk in different degrees:5 green. In F*, 
the F, purplo-pigmented plants gave 34 purple: 27 green. Fruwtrth. 
OR the other hand* obtained all green-pod progeny in Fj of two 
CTOsses of greeti pod X purple or puriile-splashed pod varieties, and 
in Fj of one of them, 39 green-podded and 10 purple or purple- 
splashed scpqgates were obtained. According to Fniwirth, purple 
pod color is inherited independently of purple-specked seed coat 
Pattern, 

FcHorip j>od X purple pod gives in F, (86) purple pod, which in 
gives purples or purple-splashed: yellow in an approximation 
to a 97 ratio. Yellow-podded segregates airvays breed true. 

No data have been published on crosses of F. yellow and F, 
green-podded segregates from combinations involving purple-podded 
varieties, 

iNTERPftlrrATION. 

So far as our present data go. all green-pod varieties of peas 
may be regarded as differing from yellow-pod varieties by the pres- 
ence of a factor Gp. 'I'he factorial relation of purple-podded varie¬ 
ties to green- and yellow-pod varieties cannot be cleared up until 
more data are obtained. Tschermak regards purple-pod varieties 
for the present as bifactorial, differing from green- and vellow-pod 
races by the presence of two factors {F, and P,). Through the 
presence of both of these factors purple-pigmented pods would 
result. In the absence of either or both the plant has green or yel- 
ow pods. Possibly there Is more than a hlfaetorial difference be- 
ween purpk- and yellow-podded varieties* but Tscliennak's num- 
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hers are too small to throw much light on this possibility, Purple- 
podded varieties need a much more thorough study before putting 
them on a factorial basia. Green- and yellow-podded vaiiedes may 
be provisiDrially represented as the presence and absence of Gp. 

17. Pod Alices. 

A 

Varieties of peas have either blunt (obtuse) or acute pods* 
Most curved varieties such as Black-eyed Marrowfat and Scimitar 
have acute pods, while blunt pods are characteristic of Nott^s Ex¬ 
celsior, Gold von Blodvsbergj French Gray Sugar, Ringleader and 
others. These characters are generally most sharply defined in 
well-filled pods. In many varieties doubtful pods occur on the 
same vine with those easily dassiiied. 

REStfLTS ntOM C»OSSlJf€- 

Blunt {siumpy) X^icute m F, always gives ah blunt-podded 
offspring (Si, 54, 56). In Fj, blunt-poddcd to acutc-podded 
plants occur in approximately 3: i proportfons. 

Interpretation, 

The difference between hltint- and acute-podded varieties may 
be represented by the factor Bi, its presence denoting bluntness, its 
absence acute pods, 

tS. Parch NENTEJJ oa Nos-Parchmented* Smooth or Con- 
STRICTED^ NoN-EOfllLE OR EdIELE PoI®, 

The great majority of pea varieties have pods the inner lining 
of which is tough, papery and membranous In both the mature and 
immature state. The ripe or nnature pods of these parchmented 
varieties are very tough and generally do not crumple up in drying. 
In the wild species this parchmented character ts exceptionally well 
developed while in a few cultivated varieties such as the thin-podded 
Goidkonig, the parchment is comparatively inconspicuous^ $0 that 
the dry pods are slightly crumpled. None of these varieties are re¬ 
garded as having edible pods. 

Differing conspicuously from these parchinenled varieties are 
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the so^alled sugar peas. The pods of this group of varieties are 
absolutely non-pa rchmented, and more tender, sweet and edible 
than string beans. When unripe, the pods have a granular trans- 
lueency and are crumpled and constricted, so that the peas as they 
mature appear to be pushing out that part of the pod with which 
they are in contact. W^hen-drj*, these pods shrink and become much 
more constricted, and very brittle. As a green vegetable they are 
verj- popular in continental Europe and in China. So far as known 
no Uuld forms have this character, though cultivated varieties of it 
are described as far back as our botanical records go. 

Varieties STucrEo. 

P^chmtnted.^Ssi Tschermak (Si, 86). Darbishtre, Bateson 
(If 3)1 Lock (54) and others (89, 99). 

JVoit-pflre/jHfeifted.—Wachs Schwert. French Gray Sugar, Petit 
Pois, Dwarf French Gray Sugar, Giant Sugar (pods up to 11,25 
cm. long). ^ 

Results faom CrjOssiug. 

Porc/jiiwwf^d X parehmcnted always gives parchmented in F, 
and succeeding generations. 

Parcktntjited X non-parchmcnted in most cases gives complete 
domiuance of parchment in F, (60.86, 89. 90). In other cases, dif- 
ferent vaneties being used, the F. has been more or less intermedi¬ 
ate, r. e., parchmented but not as heavily as in the parchmented 
parent (i. S*). 

In Fj, the proportion of plants with either fully parchmented or 
w'lth more or less parchmented pods to those with complete absence 
o parchment in their pods approximate 311, The following tc- 
Salts h^vc been obtained; 


tnrCM^gmwr. 

PAKfatlliEBfeg^,. 



Meculd 

TKhwnuit . .. 

ssa 

4S 
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ly 
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4^6 
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Tscherniak, Lock and Bateson have made many crosses involv¬ 
ing these characters but the actual numbers are given in only a few 
cases. Bateson (i) and Lock {54, 56) both obtained intermediates 
in some crosses. 

In F^p from seed of lOP parchmented Fg pbnU, Mendel found 
29 that bred true and yi that had both parchmented and non-parch- 
mented offspring. The non-prehmented aJwa>^ bred true. 
In F*, no exceptional results were obtained. 

Mendel, Lock and Tschermak have always found parchmented 
pods to he inflated and non-parchmented to be constricted. 

^o»-porf iiiifcnferf X i^on-parchmented in some cases give only 
ncn-parchmented in F|, In other cases (Vihuorb Sg) m a large 
series of crosses between diverse varieties of iion-prchmentcd peas, 
the Fi progeny have been frequently prehmented. In F* these 
parchmented have produced approximately g parchmented:? 
non-parchmented progenyp 

I NTEHr RETATION. 

Parchmented varieties of peas may be regarded as diflfering from 
those having non-parchmented pods by the presence of either one 
or two lactors (P and V), No varieties or tested out segregates 
have been recorded representing the absence of both P and but 
from Vilmorin's results one should expect to find them. All parch- 
mmted varieties may be regarded as PPVV^ while non-parch- 
merited varieties so far investigated are either PPw or ppW. 
PPW X ppW wotild give parchmented F|'s and 9 parchmented:? 
non-parchmented in while either PPw or ppVVXPPVV 
w^ould give parchmented Fi"s and 13:1 ratio in Fg, 

19* Adherence between Mature Peas m the Pod. 

As well known, all varieties of peas except one have pods in 
which the seeds are entirely free from each other. This one ex- 
ccptiDnal variety known "Chenille" hos pods with free imma¬ 
ture seedsi Avhich ivhcu mature adhere more or less closely to each 
other as though stuck together with glue^ and this particular char- 
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acter under favorable cnviroomcntal conditions ts completely hered¬ 
itary. The variety was sent to Vilmorin from Switzerland in 1906 
hy M, Fromind and had emerald leaves. It has been suggested that 
the absence of wax (glaueousness) has been partly responsible for 
Its origin, as the young growing peas in contact with each other, free 
from tt-ax, tend to grow together as do grafts. But in other emerald 
vanetjcs the peas do not adhere, so the attempted explanation is 
not very satisfactory. 


Results fhom Chossing. 

Free seeds, glaucous foliage, pink X chenille seeds, 

emerald foliage, white flowers gave in Fj, glaucous foliage, purple- 
red flowers, and free seeds. In F, a total of 175 progeny gave 144 
With free seeds and 31 with adherent seeds or a ratio of approxi¬ 
mately 4:1. Considering the combinations of this pair of charac¬ 
ters with those of flower color and foliage character in F-. the 
results were: 


Plants glaucous 
Plants emerald 


(■38) I 

\ flowers white 
flowers colored 


<39) H 


flowers white 



steds free 

chenille 2S 
free i 

chenille 3 
free 5 


These results show all is in accordance with ordinary Mcndelian 
eoroticai expectation both as to classes and numerical representa- 
ton o classes, until the chenille and free seed pair of characters 
IS considered. Here one notes (t) that glaucous pLmts have only 
s ^^hcreas on a one-factor basis about 35 plants art ex- 
p^ted to have chenille seeds f {2) that the chenille and free seed 
characters a« distributed among the emerald plants in approximatetv 
5 -t projmrtions. but Just the reverse of what ordinarily would 

character in in this cross being free 

In Fj the F* plants of vanous kinds tested out gave as follows t 
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Chuwwt 

PMTOiX. 

i:il Ti PSAtii* 

tt Fm by Cluid- 

TExted. 

OCT. 

GCA. 

CWF, 

GWA, 

fecr. 

ECA 

twr. 

FMA. 

GCF _ 

4 

no dni 








GCF...... 

5 

45 

1 I 

17 

1 

1 


1 

3 

G\V¥ . 

1 

no dicatUcfl 







GWF ..WH 

5 

—^ 


70 

4 

— 

— 

4 

5 

ECA .. 

9 

“ 

— 



4 


1 

7 

ECF...... 

I 

—■ 

___ 

— 

— 

9 

ft 
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3 

EWA . 

J 
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— 

— 

— 

— 

—, 

40 

iiO 

E WT ..... 

1 

— 

— 

— 


— . 

— 

io 

0 


G—E = ■emerald, C = ■colored flowers, W = white flawers., 
F = free iceds^ A = adhering or cheniUe 5teds. 


Free se^ds^ emerald foliage X chenille seeds, emerald folta^ 
(both parents white flowered) gave In F,* free seeds and glaucous 
foliage. In Fj, 50 glaucous nori-chenil!e, 39 emerald noii^chenille 
and 2 emerald chenille were obtained or 89 with free seeds to 2 
with chenille seeds. In Fa* the tested F, segregates gave: 


i 

Cluraacf t4 Wt 

Nd. Fi''* T<lEr^ 

ChvH-cta- ml Fi 

GWT. 

GW A, 

EWF. 


GW'F .. 

1 

Jill 

— 

— 

— 

GWF ... . 

s 

4S 

— 

15 

— 

GWF ................ 

a 

30 


IS 

3 

EWF*. 

1 

— 


all 

-— 

EWA ..* 

3 

— 

— 

13 

17 


iNT^UrKETATION. 

The only explanation so far offered for these perplexing results 
is that by the Hagedoorns { 3 ^- 5 )f which the factor S (A) rep^ 
resents free seeds and its absence chenille seeds. The presence of 
either or both of the factors for glaucous foliage, B1 and W, is 

'uF 

Uiifavomble for the expression of ** chenille/' Only plants of the 
formula sblw (abc) normally give chenilles^ in other words plants 
with emerald f-oliage from vrhich S (A) is absent. The factors 
responsible for broad non-parchmented pods and colored flowers 
in assodation with the sblw combination Is favorable to the prodne* 
tiou of chenilles^ while the blueing factor B which transforms pink 
flower color into purple red flower color is unfavorable because it 
also darkens the color of the seed coats. Environmental conditions 
arc also modifying agents. The presence of the factors for broad 
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noa-parchtncuited pods makes a decided difference in the number of 
chenille plants that are obtained in crosses. Seeds of purple red 
flower segr<^tc5 are said to raretj cohere, even thouj^h the plants 
are sblw (abc). 

It seems to the writer, however, that these reisuUs are more 
plausibly and simply mterprelcd as partial coupling or linkage of the 
factor S With either Bl or W, it being impossible to tell which until 
further data are obtained. Tlie amount of crossing over is shown 
by the following grouping of the progeny and that of certain 
heterozygolc families in F,; 



TcrtmL 1 

CrMnnefv. 


GF, 138 Hr 57 -S -70 


GA^ 0 + s 4. 

6 

EA. 3f ^ 5 

57 1 

EF^ 6 +■ 3 + 4 



The percentage of plants with emerald foliage is much lower 
than that expected on a 3; i ratio, and as chenille seeds and emerald 
foliage arc coupled, this also brings down the per cent, of chenilles 
below the theoretical expectancy. Emeralds In the writer's esperi- 
ence as grown from seed kindly sent by P. Vtimorin, succumb much 
more easily to disease than the general run of glaucous varieties and 
perhaps this accounts for the low per cent, of emeralds obtained in 
Vilmorm's hybrid generations. The relation of flower color to 
free and chenille seeds is not clear on the present scant data, though 
the evidence does not favor the idea of partial coupling between one 
of the color factors and chenille, so far as the writer can dis¬ 
cover. The approximation between the obtained frequencies 
(152 RpAisi WF ;6 WA) and those theoretically ex* 

pected (l44:4g:,(fj: 16) indicate either independent inheritance or 
at most vcirj' loose coupling. 


Pod Diameteh. 

Both pod diameter and pod length in peas present the same com- 
pex mixture of environmental and genetic variations as is found in 
such characters as time of bloom, product! vltj- and height. Several 
of ^ wnld varieties have the smallest and most narrow pods 
10.8H5.9 cm.) while the sugar peas have the longest and widest 
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(2.0-3.6 crrt.) pods. Between the&e two extremes are niiitierous 
varieties with pods representing all gradations in siaic^ each variety 
having pods with a definite range of %^amlion characteristic to it, 
w^hen the varieties compared are grown ntider similar environmental 
conditions. The following list of varieties (by number) ^vith their 
green pod diameter range w^Ul give a clearer idea of these differ¬ 
ences: 


P43 .. 


P24 ... 


P35 ■. 


Ppa ... 

,4. 4 .1,5-1 j 6 on^ 

F 13 ,, 


P14 ... 

_ 1 , 5 - 1.6 tm. 

P87 

+ cnL 

Pii 6 p~- 

_erm 

Pia 3 ,. 

« 1 . 

P31 ... 

.,...l.S«l .7 cm. 

Pfia .. 


P81... 

_.1.5-I.6 cm. 

P72 .. 

. an- 

Fja ... 


P76. 


P 6 ci ..4 

k ,4 

_ _ .2.0-3.5 cm. 

,, ^ p .zjd- 2.6 cm. 


Results from Citossi^^o. 

Tschermak (8l) and Lode {54, 5^) <:rossed narrovi'-podded 
peas with wide-podded varieties and obtained m F, either interme¬ 
diates or domiDance of the large pod type. 

In segregation was observed but the plants vrere extremely 
diffioilt to classify as the pod width per plant distribution gave a 
coniinnotis scries. For example, Lock crossed 13 mm. X 20 mm. 
and obtained iS Fi plants wdth pods of the following character: 

Mm, frequency classes la 13 ^4 IS *7 *9 ^ 

No. of plains .......4 4 k + I ^ ^ # ^663 i 

In Fa, 32 plants were grown, giving the following frequency dis¬ 
tribution : 

Mm. frcqneticy classes.. 4 . la 13 M iS 17 iS 19 20 21 

No. of plants .......44444 I 2 5 4 ® S ^ 1 

In F„ the narrow pod segregates did not breed true* Large 
seeds were to some extent correlated with wdde pods. 

In another cross {13 mm.Xwide-pod Telephone) ^ 14 plants 
had pods on the average os wdde as those of Telephone. In Fj, 7® 
plants gave the following dUtribulion. 
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Mrn- frtf^uHicy daises . 
No, of plant! 


iJE' 


13 

B 


M 

14 


iS 

9 


16 

17 


17 


iB 


19 

2 


30 2 i 


la the F, of a reciprocal of this same cross, 43 wide and inter¬ 
mediate and 13 narrow were obtained. A correlation between nar¬ 
row pods. smaU seed and leaves and wide pods, large seeds and 
large leaves is noted. 

In still another cross of the 13 mm. variety X French Sugar 
fover 20 mm.), the pods were mtennediate. Of &4 F, plants tq 
were classified as narrow-podded and 65 as wide-podded. 

In F^ seeds of the various F, types gave 

9 Fj narrow* pod produced only narrow (13-16 mm,), 

4 F, narrow pod produced very narrow and narrow pods, 
9 F* wide pod produced only wide (17 mm. and over), 

23 F, wide pod gave both narrow and wide pods. 

" this cross, as in the others, wide pods in the main were asso¬ 
ciated with large seeds and narrow with small seeds. 

iNTEftPRETATIOK. 

Lock (34) interprets his data as showing segregation in F,. but 
»mii a much greater mass of data is obtainable, it is useless to 
specu^te on the factorial nature of this character. In some cases 
one should expect a simple one factor difference, while in other 

cases the results are probably very complex. 

31 , MATUaiTV OF G« 5 £N PoDS FOR MaJUIET. 

This character is complex and closely associated with the time 
®o™ng. etc. Hurst found a variation of 52 days among the 

Tedirr"^,r environmental conditions, 

lediu (^7) crossed varieties of peas breeding true to the same 

time of maturity penquls. 

Stebtlity, 

so fifed'? unknown even in crosses between such 

TheLtraTJr F. P. 

r c cases of sterility in this group arc between a form 
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of humile Boiss. {Suttqn^ 74) and variouii varieties of P. arvetfse 
and P, saik^Htn^ Sutton made 40 crosses^ u^ing in each case P. 
humii^ as one parent and 10 varieties of white-flowered (P. saL) 
and 7 of colored (P. crv.) as the other parents. The results were 
variouSp but apparently each combination produced seed. WTicn 
planted some failed to germinate or died immediately after germina¬ 
tion, others reached the flowering stage but no seed were produced 
and still others produced seed, which failed to germinate. In a few 
casesp the seed germinated, and the plants flowered but no seed 
resulted. In four cases, the Fj plants were completely fertile, two 
of the hybrids having white-flowered P. ancestry and 2 

having colored-flowered P. an ^ttse ancestry. 

In crosses involving this same form (the seed of which Sir* Arthur 
Sutton kindly sent me) and forms of P, ^htius, P. ja/rz^tiut and P. 

the writer obtained plants completely fertile in F^. In the 
crosses, however, great difficulty was experienced in making them 
"stickp" and the majority of cross pollinations resulted in failure. 
Many of the generation seed failed to germinate, though only 
plump seed were planted. 

Mutation. 

As compared with such organisms as the pomace or fruit fly. 
Drosophila mutations are very rare in peas. All horticulturists and 
breeders remark on the extreme constancy of pea varieties, $omC 
of which have been in existence for at least a quarter of a centur>' 
without showing any striking modi flea tionSp and one variety, the 
British Queen, is said by Sherwood to be practically a century old- 
Several of the varieties mentioned by Darwin (22), such a$ Victoria 
Marrow^ Pops g^nt sans parchemin. Scimitar, Auvergne, Champion 
of Engbnd, are still in existence to-day and very' little changed, so 
far as one may decide by the descriptions written in his day* Tedin 
(77) who has made detailed studies of a large number of varieties 
at Svalbf and who is on a special lookout for mutations has found 
them rare and none of them of much practical value. 

Fruwirth (54) in conducting selection experiments on a variety 
of pea with pods and seeds varying in all degrees in the amount of 
purple pigment it possesses^ discovered a very curious type of bud 


678 WHITE^STUDIES OF INHERITANCE IK PIStJlI, 

mutation. The ptKjs on a single plant generally varied from pure 
purple to purple streaked with green. Plants with all purple pods 
also occurred. The seeds were either pure yellowish green, yellow'- 
ish green with purple flecks, purple with small yellowish green 
flecks, or wholly purple. Seeds of all these colors occur together 
on the same plant or even in the same pod or each type occurred 
pure on single plants. Pedigree cultures for ten generations showed 
that hud mutations or sports arose whereby pure strains were es¬ 
tablished with yellowish green seeds. Other hud sporu or muta¬ 
tions gave rise to true breeding purple-podded strains. That these 
were pot the result of selection as is ordinarily understood by that 
term is shown by their abrupt origin and their breeding true at once. 

Another mutation of the same type is the wild vetch-like 
" rogue " which many varieties of cultivated peas throw in varying 
percentages. Bateson and Pellcw (5) have investigated the genetics 
of this “ rogue ** mutation with the following results: The varieties 
investigated were Ne Plus Ultra, Early Giant and Duke of Albany. 
Thoroughly typical plants of these varieties occasionally throw 
rogues and intermediate forms. The rogues, when fertile (rarely 
sterile), have exclusively “rogue" offspring. The intermediates 
from typical plants give a mixed progeny of a few typical plants 
and niany “rogues." Some varieties and some strains of the same 
variety throw more " rogues " than others. Selected Gmdus strains 
throw about one per cent., while some varieties such as Fillbasket 
appear never to throw rogues. Rogues crossed with rogues always 
give rogues. 

These two cases of mutation appear to be similar to what Emer¬ 
son (^.5) calls, in cases investigated by him in corn, "recurring 
somatic variattons." or what East (s6.2, pp, 40-^2) refers to as 
recurring mutations, meaning of course that it is impossible to free 
a variety from the recurrence of the mutation (in East's case, semi- 
starchy seeds in varieties and segregate lines of sweet com). 

If mutations are so rare in peas as our present knowledge seems 
to indicate, how have all the numcroiis genetic differences among 
t em come about? In the absence of records, so far as can be 
judged from what has been observed in other organisms, it is most 
plausible to believe that most of the s^called factors originated as 
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mutations and were subsequently shuffled among a laige number of 
fori^, largely through anlficial crossing. From the lack of inter¬ 
mediates and from their Mcndettan behavior, it is almost inconceiv¬ 
able that such characters as tion-parchmented pods, lack of tendrils, 

pink flowers and emerald foliage could have originated in any other 
tnanner. 

Selection. 

In the Aqierican Cyclopedia of Horticulttire, under peas* L, H. 
Bailey states that varieties of peas left to themselves soon lose their 
distinctive characteristics, because of their great variability. This 
statement is contrary to all the information I have found m the writ¬ 
ings of English horticulturists and others on peas (23, 42, jj, 57,3, 
96. 72). In fact, most of our new varieties of peas are obtained 
Through crossing, there being so little variability in varieties by 
which one may bring about improvement through selection. 

In the work at the Svalof E^tperiment Station, improved varie¬ 
ties are secured through selection, but in reality this is simply isola¬ 
tion of pure lines which have either arisen unnoted as mutations, 
or as unseiccted segregates from crosses far back. Tedin’s (24) 
character basis by which he isolates new forms is the average weight 
of seeds, their number per pod and the total number of pods per 
plant, etc. Upon isolation, these new forms immediately form 
constant varieties. 

Fniwirth (34) is the only one w'ho has made a modem scien¬ 
tific study of selection in peas. The Blauhiilsigc variety, as already 
stated, has either wholly purple pods or purple pods streaked with 
green. Both color types occur on the same plant and some plants 
have only purple pods. The seeds of this variety are pure purple, 
purple flecked with greenish yellow, yellow green flecked with pur¬ 
ple or wholly greenish yellow. All types occur on the same plant or 
each on separate plants, but the progeny of each type give rise to 
all tlie other types. After 10 years of pure line selection and 2 
years of mass selection for a pure purple-seeded race, no results 
have been secured. Selection toward a pure constant green-seeded 
race also resulted in failure. Selection for the same length of time 
toward a pure constant green-podded race gave only negative 
results. 

VROC, AWKR. mil.. »OC., TOL. LVI, tt. JAKVAItV Si I^jS. 
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RouuES/^ 

The term rogije ** h applied by seedsmen to any variation or 
off-type plants in a field of piirc-bred plants of a variety. For ex¬ 
ample, tail peas in a plot sown to dwarf peas, colored-flowered indi- 
viduab in a white-flowered variety, yellow seeds in a ^een-seedcd 
variely, late bloomers in an early-flowering variety are all desig¬ 
nated as rogties and i::arefully eliminated. In many cases, these 
rogues are due to careless handling of the seed; in others, to the 
presence of heterozygotes which subsequently produce recess!ves— 
the helerozygotes having arisen through rare insect crossing or 
through never having been selected out when the variety was first 
placed on the market, e. g.. Nonpareil and others with ydbw and 
green cotyledons. Again, these rogues" may come about through 
** recurring mutation " plrenomena or through regular mutation. In 
T&chermak's studies on flower color and maple seed coat, certain 
factors appeared In excepfional cases to be present but inactive- 
Thus among pink-fiowered peas, plants with purple red flowers 
might occasionally appear. SeiH another way in which "rogues'^ 
could easily occur has its basis in 3 change in environment and in 
the fact that all factors or factor combinations do not react alike 
to such changes, so that while under one cnvircmuionl a variety 
might breed true, under another, variations would appear, due to 
unsuspected facto rial differences. 

Most of these rogues can be eliminated permanently by removing 
the cause, but those that result from recurriaig mutations can* so 
far as wc now know, only be reduced to a minimum and kept there 
only by constant ^vatchfulnesSi 

CotTPLiNG (Linkage) and Crossinc-Over. 

Varieties of peas so far investigated have seven pairs of chromo¬ 
somes (Gannon, n). If the genetic lactors of animats and plants 
arc located in the chromosomes as believed by Morgan (62) and 
others (61 ^ 62.5, 26.51 73}* ^11 the factors of a singic variety 
of peas should be inherited as though linked or coupled together in 
seven groups* each group representing the factor composition of one 
of the seven pairs of chromosomes. This grouping in peas can be 
determined with the least trouble by crossing a variety having seven 
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Or more different factors with a variety lacking these factors, mak¬ 
ing the cross a sufficient ntimber of times to insure a large F. popu¬ 
lation (4^ or 16,384 individuals at least) or by making aJJ the pos¬ 
sible combinations of the seven-factor pains through separate cross¬ 
ings. In F„ in the former case, if each factor is inherited inde¬ 
pendently of all the others and large enough numbers of progeny 
arc grown, there should be isS F, combinations which remain con¬ 
stat in F, and later generations and 2.187 combinations aJJ together 
(00), each of which would be represented in a definite proportion of 
the progeny. Each of the seven factors should be present in ap¬ 
proximately three fourths and absent in one fourth of the total 
oflFspnng, If 8 factor differences were involved, the various numer¬ 
ical terms would be proportionally increased. But in the event that 
a cross involving 8 factors did give the theoretical expectation for 
the independent Mendelian segregation of eight pairs of factors, 
the chromosome theory', as at present held, would either be dis- 
proven or modified, for there would be only seven pairs of chromo¬ 
somes involved in carrying the eight pairs of factors through the 
marcs of the maturation divisions, where segregation is believed 
generally to take place. 

Jlorc accurate data on this subject arc obtainable by back- 
crossing the Ft hybrids with the recessive classes, but back-crossing 
m peas or a large scale is impracticable, as so few seeds are obtained 
rorn each cross. The large size of pea chromosomes, as compared 
to those of DrosophUa, may be assumed to indicate, on present 
theon^. a loo^r linkage of the factors of each group, as compared 
wuh the close linkage of the groups. This loose linkage 

If It exists, increases the difficulties of classifying the factors in' 

groups and in determining their relation to each other within the 
group. 

Inheritance studies on PifiiiH so far have disclosed only four 
linked groups of factors (.\CE(^L.Lf, Rn, GO, SBl or S\V) and 
several other doubtful groups iiruhidi some of thelactors are not 
as yet cleariy ddinemed. In the first group, the evidence is com¬ 
plete enough to show the coupling is absolute except for the factor 
Lf and hence for simplicity's sake, the first five factors may be 
regarded as one. G and O also appear to be partially coupled. 
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although the data are scant- K and 'H as shown by VLlrtiofm* 
Bateson and Pellcw are only partially coupled, there being a ^mall 
per cent, of the combinations rTl and Rd in Hi esc are inter¬ 

preted by Morgan and his stud^ts as cross-over^ or cornbinattons 
due to the simultaneous breaking of the chrornosomes with respec¬ 
tively rtl and RTl at a point between the two kinds of factors and the 
subsequent untou of the parts so to bnng r and 11, R and 
together. This breaking occurred in about 1.5 per cent, of the total 
cases a$ regards the factors R and TL S and ^ or W are also in 
all probability partially coupled, similar to the case ]ast described. 
Hie work of Morgan and his 5tudeiit$ on Dros{}phita has shown 
that by assuming that the linked factors of a gi'oup are arranged in 
an cnd-to-cnd straight-line series^ definite places in the chrome- 
some may be assigned to each factor, and their relative distances 
from each other may be given in terms of a standard unit equal to 
[ per cent, of crossing-over. When a large number of the factors 
of a single chroniosorne have been studied the relative frequency 
of the cross-overs of the various factors may be approximately 
calculated and predicted. 

When the relations in inheritance of the various factors to each 
other in such a group as PfjniK are worked out^ a definite basis for 
predicting correlation between different characters tvill have been 
found. On this basis+ H wiD be possible to calculate with compara¬ 
tive ease the somatic characteristics of F, hybrid populations in¬ 
volving large numbers of faclorSp because so many of these char¬ 
acters will bt associated together linkage and may be considered 
as the expression o[ a single factor. Supposing the inheritance of 
a hundred factors in Fisum is involved in a cross about which it is 
desirable to have forehand knowledge. If each is independent of 
all the others in its inheritance^ it is obvious that accurate predic¬ 
tions in regard to the combinations ivould be made wdih great diffi¬ 
culty. but if these are linked together in large groups, predictions 
can be made wdth fair accuracy and considerable case. 

Crossing-over makes predictions rc|farding hybrid popula¬ 
tions somewhat more difficult than if the factor linkage w^as abso¬ 
lute, Ijui at the same time they bring about new' combinations in 
predictable proporliDns which, in a system where the coupling was 
absolute, would not be possible. 
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Further, on the chromosome* liRksge-factor-cro^sing-over hy¬ 
pothesis, the amount of variatiott in a group of similar organisms 
(a species), eliminating that caused by environmental changes, 
tsould be in proportion (i) to the number of factor differences 
between the various forms or varieties of the group; ( 3 ) to the 
number of pairs of chromosomes; (3) possibly to the relative siaes 
of the chromosomes (small chromosomes making crossing-over much 
more difficult) and (4) to the amount of cross fertilization which 
took place (either natural or artificial). 

As Morgan points out, the interpretations of the genetic data on 
Drosop/iila crosses advanced by him and his students hold whether 
the chromosomes arc or are not the bearers of the factors. 
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ECOLOGY AN'D PHYSIOLOGY OF THE RED MANGROVE. 

{PtATES IV-IX.) 

By H. H. M. BOWMAN. 

* 

General Statement. 

When the plan for the pursuit of these studies was considered 
In the winter of 1914, the main idea was to make an effort to learn 
a little about the physiology of these Interesting viviparous plants. 
Especially was it the aim to study the transpiration and absorption 
relations of these trees growing In salt water. Accordingly the 
splendid resources of the Camcgle Inslitntion of Washington were 
offered and in June of 1915 the work was begun at the Institution's 
Marine Laboratory located In the Dry Tortugas. 

During the first summer considerable ecologic observation was 
made during a month’s stay at Key West, Florida, the institution 
having furnished the investigator with a launch and two men. Many 
observations were taken on the growth habits of the plants, the 
character of the bottoms on w'hich they grew, the depth relations, 
tidal effects, the fiorvering and fruiting conditions, growth rates of 
hypciccit>is and of aerating roots, water densities, dimensions of 
roots aud aerial structures, he^hts of trees and general distrtbu* 
tion about Key West and adjacent Islands. 

In July, after going to Mianti and thence down through the 
Florida Keys on board the institution’s j-acht, Antm Dohrft, and 
notes on the mangrove being taken at various keys on the trip, the 
real laboratoiy work was commenced at the Tortugas, During the 
six vreeks’ season of the laboratory, several trips were made up to 
the Florida Keys for suitable plants and also for material on which 
to work during the winter. At this time it was determined to en¬ 
large the scope of the work and to study some of the anatomical 
and histological features of Rkisophera ma and with this end 
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in vHfriv material wa.$ carefnlly collected of al] parts of the plants 
and preserved for future study. Meanwhikp the transpiration i.vork 
was pursued and some attempt made to correlate the stmcture of 
special organs with the physiological functions in these plants which 
grow' in such peculiar conditions. 

In the winter of 1915-16 the study of these structures was car- 
ried on at the botanical laboratory of the Universily of Pennsyl¬ 
vania and again in June, 1916, a full season was spent at the Tor- 
tugas Laboratory on the physiology^ and also the biochenruca] relations 
of certain products in the hypocotyls. Short reports of the two sturt- 
mers' w'ork were published in the year books of the Carnegie In¬ 
stitution 

\Vhile considerable w'ork has been done on the mangroves of 
the tropics in general, this has been mostly of a purely morpho¬ 
logical nature, or ccologicaL The mangroves of our own tropical 
coasts have not been given as much attention as these plants might 
deserve; while the physiological relations have only in a few notable 
instances been made the subject of detailed study. The most ex¬ 
tensive work has perhaps been done at the Eititenzorg Botanical 
Garden in Java by Haber]andtp etc. 

In South Florida, although .he climate is not like that of Java^ 
the facilities afforded for study of mangroves is fairly good, but 
a great handicap has been found in the pursuit of this research^ 
vii., that ovring to the character of the soil and other considerations 
there are no mangroves in the Dry Tortugas and all the material 
had to he brought from the Low'er Florida Keys w'ith a consequent 
loss of many seedlings. Other studies which would have been 
made^ parlicularly on the embryology of have been 

deferred for the present until a tropical kbotatory can be secured, 
where the plants can be secured conveniently! quickly and in 
abundance. 

During the summer season of 1916 fortune favored the work 
at Toitugas in as much as seedlings w'ere foimd in considerable 
quantity on the beaches of the islands composing the group. These 
viviparous seedlings had been drifted westward from the Marquesas 

^ BowERsin, H. M., Jnstimttiin p. 500; igr6, 

pp. iBS-ipa. 
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and other islands by the current during the early spring season of 
higher tides and, on being ^^shcd ashore, took root to eke out a 
precarious and mostly fleeting existence. 

Almost the entire first half of the Season of 1916 was devoted 
to the biochcmicij research mentioned above. This work of testing 
for iwious chemical substances in the hypocotyl or storage organ 
of the seedling and the attempt at delectiiig eniEymes in the organ 
could most conveniently be pursued at this time. During the in- 
tcrv^al which occurred from the time, in the early part of the season, 
w'hen the young plants needed for the transpiration work Avere gath¬ 
ered and planted in the culture jars until they became established 
in their laboratoiy condition, the chemical work was carried on. 
Only after the plants had recovered from the shock of transplant¬ 
ing and were reacting normally to their changed environment was 
it deemed advisable to begin the transpiration w^ork. 

At the close of the 1916 laboratory' season in August, the investi¬ 
gator accompanied the officers and crew of the yacht on her return 
trip north through the Floritb Keys to be placed in AAinter quarters 
at Miami. On this journey of several days' duration, many distri¬ 
bution notes were taken and maps made of the keys and the absence 
of RhinaphQra on certain keys carefully marked. 

After the yacht had been moored up to her dock in the Miami 
River and shrouded in canvas for ihc winter* eight days were spent 
making observations on Biscavme Bay, the Miami River and Arch 
Creek on the admirable newly constructed launch possessed by the 
institution, the Z>arK*ffi. These observations were made tvith the 
assistance of the yacht's chief engineer. Mr. John Mills, whose 
skillful operation of the launch, often in shallow and difficult chan¬ 
nels. and whose help with the instruments was much appreciated. 
Tests by the hydromelcr were made on the density of the water* 
both top and boitom layers, from the open Atlantic, across Eiscayne 
Bay and up the Miami River and Arch Creek as far as any man¬ 
groves extended. Material was gathered for later study of both 
salt and fresh water trees and numerous transpiration records were 
taken on the pncumatophore prop roots of the mangrove under 
conditions and environments difficult for grotvth. 

In conclusion of this statement Ihc writer wishes lo acknowb 
edge the valuable aid given him hy Professor J. W. Harshberger, 
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whose wide experienct in plant cacology and helpful guidance in the 
preparation of this paper have been of great a^^istancet especially 
on the geographic and ccologic aspects of the work. The anthor^s 
thanks are also due ihe colIeague 5 of Professor Harshberger in the 
Uni%'ersit5" of Pennsylvania for their very kind help and sugges¬ 
tions, to Dr. J, Hepburn^ of the S. Food Research Lahoratoo'j 
for his expert adduce in regard to cnrynieSp to Hr. Robert E. Deng* 
ler^ Fellow in Greek, for his assistance in Lran$lating the classic and 
Renaissance references, to Mr* W* R, Taylor for aid in making the 
illustrations, to Df* A, Mayer* of the Carnegie Institution of 
Washington, for many helpful suggestions, and to Engineer John 
Mills, and Captain L. ]M, Wilson^ of the Tortugas Laboratory for 
their patience* consideration and excellent practical aid rendered on 
many field excursions ia tlie GulL 

History. 

The historical references to the subject of these studies are 
quite varied and reach far back into antiquity* Just as perhaps all 
science may be traced back to the Greeks^ so in this instance we can 
lum to them for some early knowledge of the existence and peculiar 
habits o| this plant, the Rhhophora mangle. 

The earliest reference in ancient manmeripts is contained in 
the chronicle of Nearchns (325 B.C.)- This old Greek sea-captaia 
was the commander of Alexander the Great's fleet and fragments 
of his observations have come down to the present through the writ¬ 
ings of Arrian. Nearchus sailed from the Indus Delta on the ^ist 
of September, 325 B.C., and arrived in Susa^ Persia, Febniary, 324 
B.C.* shortly after Alexander himself had reached there by march¬ 
ing overland- 

On this jounrncy Nearchus^ describes the habitat of the man- 
grovesv Whether these trees are the or Rhi^opkom 

mucronata, both of which grow in the r^ion traversed by Nearchus, 
is not quite certain, but, by the description of the species in Theo¬ 
phrastus" and in the light of Brtlzl^s* recent work* in which the ' 

' Neareliui, “ Arr Anabn," VL, 6, 7* 

" Thcppjirasttis, '' Hiatoria Plantartiir^" IV., % 4 ^ 7 - 

* Bretz.1, II., Bctanitikt fprschung^n dcs Alcxandenuifcs^ 190J. 
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present species of the Red Sea^ the Persian Gulf and the Indus 
Delta have been compared with those mentioned m the classics as 
noted on Alexander's March, there is now Iltde doubt that the 
Rht::ophorn has been accurately described by these early mariners- 

Theophrastus, 305 B.C.,* the pupil and successor of Aristotle, in 
his '^Historia Plantarum" quotes Aristobnlus as having seen in 
the desert Gedrosia, trees that are about 30 cubits tall and have a 
flower that looks like a white violet and has a far-reachirtg odor.'* 
Nearebus also noted the relation of the plants to the tides, for he is 
quoted as observiiig: them in Sec. 4* ^ ttir^ mis w* 
irXfjf&vpC^ tcara}uifL^vofjL€mtif i- e., in thc islands which are reached 
by the flood tide, and also in Sec. 5 wXyjpvpl^ ylymn ^v^pa 

iiTTiv) he says: “ Wherever the floodtide reaches, there are these 
trees. 

However^ in Sec. 4, 7, Theophrastus gives the fullest description 
of the Rhi^oplwra /*^ ttJ £< 

rms r«s* etc,/" aoid the tree has a kaf like a laurel, hut a flovver like 
a violet both in color and odor, and a fruit the size of an olive, and 
this fruit is also fragrant. It does not cast its leaves, but the flower 
and the fmit both appear in the fall and they drop off the fruit iu 
the spring/" Brctzl thinks tliat the Greeks on account of belug vvith 
Nearchus at the Indus Delta in September and in the Persian Gulf 
in February were in a position to be acquainted with both these 
phenomena. The mention of a violet-like odor is persistent not 
only in these early Greek ^vritings, but also tn the works of much 
later botanists, even down to the eighteenth century* 

Theophrastus admirably describes^ the habit of the mangrove in 
growing out in rather deep water^ where he says in Sec* 5: These 
trees are all washed by I he sea up to their middle,*' and 10 Sec. 4 
“and they are held up by their roots like a polyp, for whenever 
there is an ebb-tide these (the roots) may be seen/" He describes 
the pneumatophore prep roots of the Rhis&ph&raf and again he 
says: “Some have their roots always flooded by the sea as many 
as grow in hollow places whence the water does not flow away and 
nevertheless ihe tree does not perish at the hand of the sea/* Theo¬ 
phrastus also reports the ecological relations of the Rhtsophora and 

* Theophrastus, Planiarum.” IX.. 4, 2. 
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explains i^s xeropbydc structure as due lo the physiological 

of its habitat ^ Si ^ iT^cro^i^AAia *..« voWa yap ravna fT^piffn^rctr 

“ it is clear the uariiowuess of the leaf is due to the dr^Tjess/' 

Besides the many fragmemary references in Theophrastus to the 
mangrove* similar to those given abovep he gives a very coniplcte 
picture in Sec. 4, 7, 5^ where, after mentioning the evergreen ap¬ 
pearance of the trees and the times of fruiting and flowering, he 
says: ^'and there are other trees growing in the sea* evergreens* 
and they have fruit like beans and about the Persian Gulfi in the 
part toward Karmania, as far as the flood tide reaches* there are 
trees of quite some size, wuth leaves shaped like purslane, and it 
has a fruit much like an almond in color on the outside, but it Is 
rolled together as if k were contracted] and diesc trees are ah 
watered up to their middle by the sea and are held up by their roots 
like a polyp. For whenever there is an ebb tide these can be seen 
and the water is not wholly in this place and there are left certain 
channels through which they (the natives) sail* these are of sea 
water from which it is clear as some think, that they (the trees) 
are nourished by it and not by fresh water unless some is drawn 
by the roots from the earth, and that salt water is beneficial for 
them, for the roots go to 00 great depths/" 

This description might describe the mangrove thickets and 
swamps of the Florida Keys just as accurately as it fits those of the 
Persian Gulf and shows how observ^ant were these early Greeks. 
Not only b it accurate as to general descripdon, but Bretzl has been 
able to locate the actual stations for present species by these descrip¬ 
tions in Alexander’s march, 

Pliny the Elder (77 A.D.)« in his " Natural History ” XIT, 
IX., “ Gentis supra dSetaa Persis attinget . . , intus contortis 
nucleis/* docs not conlribule anything to the account of the Alex¬ 
andrine companions and the above jiassage shows the influence of 
Theophrastus (3^5 S.C,) even to the very phrases. “Adjoining 
the countries which we have previously mentioned is Persis* lying 
along the shores of the Red Sea* w^hich, when describing it, w^e hitvc 
mentioned as the Persian Sea* the tides of which penetrate far into 
the land. The trees in these regions arc of a marvelous nature, for, 

* Plifiy, Sr C., Natr Hist./* XII., I.'L, 20 {37), Bdhn trani., HE tiy. 
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corroded by the action of the salt, and bearing a conaiderable re^ 
semblance to vegetable substances that have been Uirown up and 
abandoned by the tides, they are seen to embrace the arid sands 
of the seashore with their naked roots just like so many polypi. 
When the tide rises, buffeted by the waves, there they stand, fixed 
and immovable, nay, more, at high water they arc completely cov¬ 
ered, a fact which proves to conviction that they derive their nutri¬ 
ment from the salt contained in the water. The size of the trees is 
quite marvelous; in appearance they strongly resemble the arbute; 
the fruit which on the outside is very similar to the abnond, has a 
spiral kernel within." 

In 70 A.D. Plutarch^ published his "Moralia” and under the 
heading of Am A ®YS 1 KA, Nature studies, discussed the topic or 
question Ata n to fiaiidmav vBiafi ai rpitpti t« Stvfyai Of What is the 
reason that seawater nourishes not trees? ” The passage is given in 
full, as the argument is sustained veiy quaintly throughout the para¬ 
graph. " Is it not for the same reason that it nourishes not earthly 
animals? For Plato, Anaxagorus and Democritus think plants arc 
earthly animals. Nor, thongh sea ivater be aliment to marine plants, 
as it is to fishes, will it therefore nourish earthly plants, since it 
can ueitlicr penetrate the roots, because of its grossness, nor ascend, 
by reason of its weight, for this among many other things, shows 
sea water to be heavy and terrane, because h more easily bears up 
ships and swimmers. Or is it because drought is a great enemy to 
trees? For sea water is of a drying faculty; upon which accouut 
salt resists putrefaction, and the bodies of such as wash in the sea 
are presently dry and rough. Or is it because oil is destructive to 
earthly plants and kills things anointed with it ? But sea water par¬ 
ticipates of much fatness; for it bums together with it. Where¬ 
fore, when men would quench fire we forbid them to throw on sea 
water. Or is it because sea water is not fit to drink and bitter (as 
Aristotle says) through a mixture of burnt earth? For a lye is 
made by the falling of ashes into sweet water, and the dissolution 
ejects w'hat was good and potable, as in men, fevers convert humors 
into bile as for what woods and plants, men talk of growing in the 
Red Sea, they bear no fmit but are nourished by rivers casting up 

^ Pliib^rch, " Meralia.'' Oii D-F, Goodwin Iran*, III., p. 455, 

fjtoc. PHJ1_ 50C.^ VOL, LVJ^ jAMUAJtV S, 
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much tnud, therefore they grow not at any great distance f rom land 
hut very near to it/* 

In the paragraph m which he has discussed the quaJitics of sea 
water and the difficulties of its utilization in the plant economy 
Plutarch almost suggests the theories o( absoqjtion and the ioniza¬ 
tion of solutions. The occurrence of the *" woods and plants in the 
Red Sea is also meintioned at another place in the “Moralia/^" 
“And the provinces of Gedrosta and Trogtodytes* which lie near 
the ocean sea, being by reason of drought barren and without any 
trees, there grow* nevertheless, in the adjacent seai trees of a won¬ 
derful height and bigness^ and green even to the very bottom^ some 
of which they call olive trees^ others laurels^ and others the hair of 
Isis. And those plants ^vhich are named anacampserotes being 
hanged up after they arc plucked out of the ground not only live 
but—w*hich is more—bud and put forth green loaves/* 

The influence of Nearebus and Theophrastus is seen in the ref- 
CTCticc to the olive and laurel but the “ anacampscroles are not 
mentioned in the earlier authors^ The word meant “bringing back 
love " and the plants were used in making love philters^ The plaiiti 
are, from the description, evidently the seedlings of Rhisofhoru 
which have just been rooted* but whether the ancients really re¬ 
garded those seedlings as having an aphrodisiacal effect can not be 
accurately determined, 

Arrian, 136 A.D.,* is the last of the classic writers to mention 
the mangrove. In his “Anabasis^" he quotes Aristobiilus and 
Nearchus In descrihing the plants observed on Alexander's march 
through Asia, but the references are essentially all alike and per¬ 
haps Theophrastus in hss “Hlstoria Planlarum*^ summarized all the 
observations on Rhh^ojihora of his day and al! the later authors 
copied the accounts as reported by Alexander's compatiions. There 
are not any mangrove referErtecs then in literature from Arrian's 
tittiEp 136 A.D., until almost the middle of the thirteenth century^ 

In 1230 the Moorish botanist^ Aboii'l Abbas en-Kebaty/® after 
exploring Spain^ Barbary coasts and Egypt made a long expedition 

> Plutirch, Moraliai'* Bcmardakia^ 5, 455, Goodwin, V.* 27S. 

* Arrian, " Anab./^ VJ., 23, 4 L 

^^ Aboii'l Ahhas cn-Netaly, inlted. to ” Ibu el-Bchbar** (Lectern)* V. 
Koliccf dca MatitiscnU, T, 23. 
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into Arabia, Syns tind Ir^W. On Iiis rttum to Sp^in he publiiihed 
his work, “AI RihLt," “The Journey,” and died at Seville In 1239. 
This book, "AI Rthia," is not extant, but Abou’s disciple, Ihn 
el-Beiihar, has preserved citations from the book, as well as other 
Moorish writers, Ibn Hassan and Abou Hanifa. The references 
to the Jihisitphora are very clear and Jt is due to these Moors that 
the mangrove was given the name kendela, which b an Arabic word. 
Both Abou Hanifa and Ibn Hassan describe the plant kendda and 
the former says** that 1 he water of the sea is injurious to every 
species of wood except the qnurm (AviccKKia) and the kendela 
{Rlii£Qphora)’‘ and under species “ igSt keodala” he says: " It is 
a plant which grows in the country of the Deibol (on the sea of 
Oman) and which spring up In the sea. In that country it is em¬ 
ployed in the tanning of hides, known under the name of leather 
of Deibol, which is red and thick. It furnishes also a red bark 
which is used as part of medicaments for the mouth and of those 
which arc used to stop hemorrhages,” 

The name kvudeia was later spelled candela or kavdila by the 
sixteenth and seventeenth century botanists and applied to the 
mangrove on account of the resemblance of the prolonged hypocotyl, 
as it hangs on the tree, to candles. 

From 1230 to 1526 h another long gap in the literature on the 
mangrove. About this latter year Oviedo*- put forth his book deal¬ 
ing w'itb his travels in the Indies. The observations of this early 
Spanish explorer and those of his successor give us the first glimpse 
of the vegetation of the western hemisphere from a purely botanical 
standpoint. Later botanists quote Oviedo and Qusius** (1384) and 
Peter Martyr*' OS/j) and several particnlarly mention Oviedo's 
experience wdth the fruit of Rhhophara. “ I nevertheless,” he says, 
from its use {as food) fell into sickness although I am not so 
delicate nor accustomed in time of want to abstain from those foods 
which I see others eat, but neverthlcss, aithough there was no 

**A1»II Hanifa, " ttu el-Bcithor" Leetcrq. N’pbecs .Vlanuscriu T 

33, 35, ^ 

** Oviedo. G. F., "Primera Parte dc la Historia Natural general dc ba 
Indus," 1536. 

**CInsiu», Carolus, "Rariorum Ptantaruni Historia," 1601. 

“Marij-r, Peitr. "Edeita. History of Travel," fl®, 14.3, 1577. 
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urgent necessity it did not oflfend me to taste so that 1 might 
describe it the more acctirately, and so for that reason 1 tasted die 
fruit but it seems that it should be enhed rather, the food of bmie 
animals and wild men of the woods/^ From ihe writings of Clusius 
and Oviedo thus it seems that the natives of the West Indies used 
the hypocotyl as a source of food in famine timeSj probably oa 
account of the starch they contaia, but as Pi so says they must have 
had a special method of preparing them to eliminate some of the 
tanaja. 

In 1648 Piso*^ and Marcgmf noted the mangrove as it occurred 
along the shores of Bntzil. Under the chapter heading “ Devariis 
spccibus Maugues, sive Mangles et earum qiialitatibus/^ Pi so de¬ 
scribes their bahitat as in swampy places by the sea in the Indies 
and all the tropics/' He quotes Ousius and also says there are three 
species of mangles. ^‘Prima, Cerciha, qme Mangue est alba; 
Secunda Cereibitm, qux non radices ex rami$ in terram agit, nec 
tam torluoso plexu luxuriat/^ And the third, which is otir R. 
tnangl^^ is called Maiigue Cnapitraiba^ It is^ according to the ac¬ 
count, of larger size than the two preceding species and bears use¬ 
less pods in the summer months, w'hich are filled wdlh bitter pulp. 

la 1G50 Bauhiu” in his Universal History of Plants" quotes 
Oviedo and Lpbez in giving a description of the tree and says: 
“F* L, (Lobez) jnentions a certain tree growing in the province of 
Malay wdiich they tall ‘Mangin,* bearing roots abeve^ like stems/' 
Gusius questions whether this be our Indian fig but we {Bauhin) 
put the mangin or mangle because of the closeness of the name to 
mangle, with which tree it also seems to correspond^ as Ferdinajid 
Lobez describes it/* Du Tcrtre^ l667p^^ mentions the mangrove and 
Rochfort, t68t/^ in the book of travels In the Antilles describes the 
trec^ called paratuvicr, and its rooting habits, and says: " Wild boars 
and other savage beasts live in them, and they afford places of 
shelter for ihe inhabitants, w^ho lie in wait to surprise a person ap^ 

P150, G^ and Marcgrat de LEcb^tad, “Hist Nat Brasiliat,’* pp. [ 1^-1 [4, 

1643. 

Plant UaiverAaliSt'* 1S50, 

Terb-c^ J, B., ‘^ Hiatorie gcnermle dta Antillea“ Vol. IV^ 1^7. 

Rothlort Fr, " Histoire Naiurelle ct Morale des 3ll« Antilles/ p, JW, 

imt. 
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proaching ajong ihe coast.’' Rochiort also gives a very poor illuS’ 
tralton of a tree with a boar at its root. 

Van Rheede, 167S/* saw the tree iq Malabar where it was called 
pee-kandel and grows there with five other species of kandel, now 
all identified as various viviparous trees. The bark was used as a 
cure for diabetes. 

'<593^** ei’^es a long and fairlj' accurate account of the tree 
under the head ” Mangle Pyri foliis, cum siliquts longis, Ficui In- 
dicac aBinis. J. B. (Banhin) Maiig;ueSj seu Mangles; tertia species 
Guaparaila dicta, Pison. Fanetuvier, Rochfort, Oviedus." 

T 7 ie Mangrove Tree. —This tree is among those which are com¬ 
monly found in Western Indiaj very much selected for the making 
of buildings and other uses. It grows in marshy places, on the 
shores of the sea, on the salt flats of rivers. .. . The leaves are simi¬ 
lar to the larger leaves of a pear, but thicker and a little larger, 
opposite to each other, and have a thick mid-rib and many lateral 
veins, light green. It bears many small flowers on oblong calyces. 
The pods are two palms long and more, and these are thick, like 
those of fttfjid, equal to the first and of a rusty color; having a 
pulp like curds or similar to the marrow of bones, w'hich the In¬ 
dians, on account of a lack of other foods, feed upon. Even though 
it is bitter, they prepare it into a healthful food.” 

Ray then quotes the experience of Oviedo and Qiisius in eating 
it, and goes on to say ** the fallen fruit is the food of land crabs 
rather than men. But the nature of the tree is wonderful, for sev- 
eml grow at the same time and many branches seem to turn down 
and become roots .... which take hold and in turn grow other 
branches and these, in truth, arc no less firmly established than the 
original trunk of the tree. . . . The wood is heavy and solid and has 
a hrosvnish bark which is used for tanning leathers instead of oak, 
as there is no kind of oak found in these lands." The writer goes 
on and dilates on the uses of the tree and says: " The root of the 
tree w^hich is soft and moist is split and peeled and applied warm 
to the poisonous wound of the fish, NiquKS. It quiets the pain 
and restores the injured member, but although it may provoke pain 

Van Kliecdfl, " liorLtii 

John, ]ii 4 L VoL 11., p, t77J, 1693. 
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in the forehead, It h really a splendid remedy first discovered by 
the fishermen and given to us by (hem." 

This old chramcler cannot forbear mentioning the honor bestowed 
on him by Eauhin in naming a fig tree for him and says, Bmihin,* 
who otherwise is not aceustonied to be sparing in the subdividing 
of speciesj classifies this tree as similar to that famous Indian fig 
called the Tree of RayJ' .'Among other observationSp Ray mentions 
the yellow tetranierous blossoms as having a honey-like odor and he 
also is the first to mention the efflorescence of salt on the foliage* for 
he says: When the sun shines the leaves of this tree contain a 
very white salt on their upper surfaces, but when the sky is cloudy, 
or at night the salt is dissolved and clings like dew\ but in the day 
time being dry and very w^hite it can be collected with the fingers, 
and from two or three leaves enough can be secured to salt one^s 
broth." As food for animalSp Ray says: “Doves and other flying 
creatures feed on it tvhen there is a lack of better food and from 
them (the fruits) the flesh of the doves gets so bitter as scarcely 
to be edible."^' And in addition to its tanning abiliticSp the writer 
say^'* it is used daily by the fishermen for dying their nets/^ 

Piukenelp 1669+"^ described J?/ik2cr/^jiora briefly: “Mangle arbor 
Pyrifollis salsis and uliginosis loris in America proveniensi fructu 
oblongo teretip summis ram is radicola." He named it the swamp 
mangrove tree and it is in his w^ritings that it is first called the oyster 
tree. He quotes Lobca and says also it is called nisngu m the 
Moluccas. 

Dampier, 1697*“ and Gomara^^ both have noted it in their travels 
and given short descriptions* which are copied by other WTilers. 

Plutnier,^ 1703^* mentions it as one of the new genera recently 
found in America and quotes Piso as the author of the genus* In 
his description Plumicr says the pistil ripens into a turbinate fruiti 
w'hich sends out a long fusiform seed with its head buried in the 
fruit. This is the closest observance of the true rivipiiTous nature 
of the seedling in any of the literature noted thus far. Plumieris 

Pltikcnct, 1 -. Almagesla BoLp*^ p. 241^ 

^^DattipLcr, W.* “A New Voyage Around the World," 1697* 

^GoTnarat B. A.* ct, SlaaUr 

^^PluinkT, C.p Plant Amcr. Gen. p, 13, tab, 15^ 1703, 
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figure of the plant h very good and shows the part$ dissected. The 
lenEicels od the hypocotyl are also well iRustrated^ 

Labat, 17^/* a French missionary, mentions three kinds of 
paletuvicrs and sa}"S the English and Spanish call them mangles. 
He says the three kinds are the red, the white and the black; the red 
and the w'hite being called Raismier, on account of its raisindike 
edible fruit, and the Mahot, respccrivcly* The bkek palctuvier is 
evidently the Rhi^ophoru mangle. He mentions its laurel-like leaf 
and states that it growls “5 cens^^ oui in the sea supported on prop 
roots* *' *rhe w^ood makes good fuel .md oysters are borne on the 
roots w*h[ch are small but of a good taste,” 

Sir Hans Sloane, 1735/* who was a close observer and a good 
botanist, describes the mangrove at great length as he saw" it in the 
West Indies, He also mentions almost all the previous voyagers and 
travelers who have seen this curious tree, as well as his contempo¬ 
raries, Catesby, Plumicr, Dampier and Plukenet, His description Is 
veiy^ dear and to the point in that it evidently applies to the “ Man¬ 
gle grande” type. "This Tree ri^s to thirty or forty Foot high 
having a Trunc as big as one's Body, and a greenish whitep smoothe 
Bark, with some white Spots here and there. The Tree has very 
many pendulous Branches swelling towards their Ends, where are 
placed nine or ten Leaves, set on ronnd ihem by half Inch long 
Footstalk, they are four Inches long and two broad* of a dirty green 
Colour and having one very large eminent Rib running the length 
of the Leaf; the Flowers stand on an inch long Footstalk, are com¬ 
posed of four thick yellow Pctaki and as nian3'^ browm, with some 
yellow Stamina in the Aliddle being within covered with a yellow 
Farina, to which Pod-like Substances, having a Swelling at their 
Beginning, otherwise exactly like Bobbins with which Bone-Laces 
are wrought^ that Protuberance is rough and a little redish in 
Colour^ about an Inch long^ having tvithJn a Cavity fitted to receive 
the small Ends of the Pod-like Substances, and into which they are 
set, each of them is about six: Inches long, beginning slender, swell¬ 
ing hr Degrees to near the end where it is Biggest, , , . It has a 

PerCi "Xonve^u V'qy^ifie avx Isks de VoL II n 

136. ' 

Sloane, Sir Hans, VoyaBe to the Island^ Madeira, Barbados^ Ja¬ 
maica, 172s, 
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smooth greenish brown Rmd, but a Pkh and a fungous mealy Sub- 
stance and wiUiin no Cavity Or Seeds and which never ripetis or is 
otherwise than woody/^ 

Sloane then goes on and narrates in detail how the '‘fHoddike 
substance" germinates and produces other trees. His idea is that 
a single seed is planted In this ^‘'substance " and this grows out imtiL 
it reaches the mud and becomes a trecn He quotes Piso, Oviedo, 
Marcgraf; Du Teitre^ and says be difters from some of them 
(Oviedo) in regard to the Pulp/' He has made a thorough search 
in earlier literature in regard to the Oyster Tree'* and the oc^ 
currence oi oysters living on. the roots and adds his ovm contribu¬ 
tion to the story of the " Oyster Tree/^ ** In the Isle of Trinidad 
is a Salt River that had Stores of Oysters ou the Branches of the 
Treesp which were very salt and wdl ta&ted All their Oysters 
grow' upon these Boughs and Spraies and not on the Ground/" 
Sloaue also adds some new uses to the already manifold applica¬ 
tion of the mangrove cited he fore* Among some of the uses he sug¬ 
gests that perhaps the dried buds have been mistaken by imriners 
for dove$p thus hinting at food and drug adulteration even at that 
early date. After mentioning the employment of the wood for 
building purposes and fuel, he says: “The Bark tans Leather well 
for Shoe Soah not for Upper Leathers, or Insides, as it is thu^ tan^d 
burning the Skin. , , . The Roots senx for dying of Linens and 
Leaves for Dung^ The bark is used by Tanners and Landres^s 
for cloaths. mixed with Oyl like Dirt it is gooil against Wcarinessi 
and with Milk or fresh Butter, outwardly applyd helps them who 
arc diseased in their Livers*^^ 

Catesby, 1731^" is the last in this scries preceding Lirm^s to 
describe the mangrove m the history of his travels. The type 
Catesby noted is probably only the “ chico mangle,” as he says they 
were only 20 to 30 feet tall, Hb remarks about the general ap¬ 
pearance of the tree and flowers is mudt like Sioane's^ but he de¬ 
scribes the fruit as being Uke a "'pear at the small end of wdiich 
hangs a single seed about six inches in length in form like a Bobbin,” 
Catesby, however, is the first to mention the seedlings as floating 

^^Catciity, M., “* KaL Hist. Care] in si, Fla, and Bahama I^Land^ " Vol U 
P 63, 1731, 
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some distance after dropping from the trees. He also describes the 
ecolt^' of a mangrove swamp in the Bahamas very well. "In shal¬ 
low salt Water, these impenetrable Woods of Mangroves are fre* 
quented by great Numbers of Alligators, which being too big to 
enter the closest Hecesses of these Thickets, the smaller Ones find 
a secure Eetreat from the Jaws of thetr voracious Parents. These 
watery Woods are also plentifiilty stored with ravenous Fish, Tur¬ 
tles and other Animals which prey continually one upon the other, 
and the Alligator on them all; so that in no Place have I ever seen 
such remarkable Scenes of Devastation as amongst tliese Mangroves 
in Andros, one of the Bahama Islands, where the Carcasses of half 
devoured Animats arc usually floating in the Water. Thi^' grow in 
most parts of the Earth under the Torrid Zone and are found but 
little north or south of the Tropicks.” 

In all the preceding history of the mangrove, the literature 
naturally falls into two divisions. That from Ncarchus (325 B.C.) 
8 iid Theophrastus (305 B.C.) to .Arrian (13.6 A.D.) embraces the 
references .as found in classical literature, while that from the time 
Abu '1 .Abbas cn-Nebat)- (1230) to Catesby's (1731) with a few ex¬ 
ceptions, who were kigely compilers of botanical works, the litera¬ 
ture consists of the narratives of travelers, voyagers and ejtplorers. 
With the stimulus given to ^'stematic studies by the writings of 
Linn^us and the then recent discovery of new plants in all parts 
of the world the works of the latter half of the eighteenth century 
are mostly systematic. 

Taxoxomic Reijitions of Rftisaphora mangle, 

Linnicus=* in his earlier writings ("Systema Nat.," 1736) had 
a rather vague conception of the limits of tlie genera Rhhophera, 
He treated it in the " Systema " and in his “ Philosophia Eotanica," 
l? 5 i” under a head “ 1 .XII. Candelarcs" ivith Nyssa and .Mt'ntif- 
sops. These accordingly were later changed and No. 62 was can¬ 
celled in the "Philosopim.” In the "Species Plantarum," 1753,” 
he gathers all the confused and tangled synonyms and descriptions 

” Uitnaeus, " Syiilcfna NaL/' p. 443, 17^5. 

^Linnaeus, " Philo^phia Eol ^2 Candelarin,*' 1751, 

Linnaeus, C '' Species PbaL," Vol. 1 ., p. 634, 1733, 


G04 


BOWMAN—ECOLOGY AND 


of the early atid arranges them in an orderly manner* 

He reeogni^es seven species of Rhtsop^hara^ which he created as a 
separate genus. These seven species were R. c^^njugata, /?, gym- 
norhsi:a, R. candel^ R* monglCf cyiwdfic^j. comicuhti^ and R~ 
cascolaris^ aU of which are Oriental except Jf* iHan^fe. 

For R^ mangle^ Litiuseus gives as equivalent the Mangte foHts 
acuiis of Jacquiti; MdJtgh segmenti^s cafyann of the Wachend ult. 
90; Mangle Gquatica of Plumier; Mangle pyri foliis of Sloane and 
Batihiti; raudelarium of Rumph and Pe€-K<indel of 

Rhcede. In the ^"Systema" it is No. 592 of the Dodecandria 
Monogynia and furnished the essential characters of the planL 

Rumphj 1750**^ a contemporary of Liniweus, gives a lengthy de¬ 
scription of his Mansi'wm cafidelaritim or Mafigi Mangi as it oc¬ 
curred in Amboyna of the Moluccas^ He also calls it Mongium 
candelarhtm et prrnc/jjwi oti account of the resembiance of the 
hjqiocotyl to candles and of the prop roots to bows. He also quotes 
Rochfort's account of this tree or the *'Paretewier Tree"* and says 
^'Oviedus perceived a great pain in his abdomen from eating the 
fruits/' but mentions a method by which it is prepared for food 
in the East Indies. 

Browne^ 1756/® in his history of jamaten mentions the tree as 
“mangle," and Jacquiun 1763."* describes it as Rhisophora peduncu- 
fjj bifidis and faithfully piclures the mangrove thickets of the 
Antilles region. 

Forskahlf i 77 Si** the Red Sea region says: *^Arabes narra- 
rient semen in arborc dehisce re ct cotyledones nudos cmllteret quod 
vdx credibile mihi videturp” hut as he did not actually see this, he 
did not really describe the plant. 

Giertner, 1788/“' uses the name of Linnseus^ but mentions all the 
synonyms of preceding authors. Of the embn,’o he says ** inversus^ 
viridus intra semen germbians ej usque integumenta, procrcsente sua 
radicuhi rutnpens," showing he realised the signlhcance of vivipary* 

^^Rsimplip Geo. E-. “Her. Amtioln." Vol. JTl.p p. 108, 1750. 

Browne, Patrick^ Civil and Nat Hist 1756, 

**Jacqijin, N. " Stlcrt. Stirp. Amcric," 1763. 

^^Forskatil, F.p Flora Axabica, Hauiilce Descrip, Cent./' II., 

P. 3?. i?75 

“ Gacrtiier, J.p “'De Fruetibus et Setnlnibus Plant," 1788, 
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Jussieu^ lySg** used the system of Toumefortp but modibed it 
by adding the new idea of tlassiAcation which he promidgated by 
basing it on the positions of stamens and pistils. He placed Ehhi>- 
phora in class XJlI. of his fifteen classes. He also recognized but 
two species— R. ?jiotj£rfr and R, gymnorhi^a with R. c^isirohris as 
doubtful. 

Sarignyp 1796,“^ in Lamarck^s Encyclopedia gives a good and 
accurate aceourit of the family of paletuviers. but tecognizes the 
Linnieus species. 

Lamarck, 1804 “ also recognized the Lmn^an species and gives 
five with R. as a new species. The old Rr corniculala 

of LiniisuE having now been renamed by Gsertner, JEgiceras m^jus 
and others discarded so that the tJnnai^n genus has now been to 
this extent reorganized. The five species of Lamarck are R. mangier 
cytmdnm^ conjugaia and cahdeL 

St. Hilaire, 1803,^^ follows the nomenclature of Linn^us* Jus¬ 
sieu and Lamarck and for R, majig!^ gives the range as both the 
Indies. It remained for De Candolle to complete the Natural Sys¬ 
tem of CLassification and in bis Theorie Elementaire de la Bo- 
tanique. 1813,** laid the basis of our modem system. Jf/ujopfioro, 
in his '^System,” is put in Order 57 Myrtinear. In the “Pro- 
dromus, iSaSp*' for the f^izophore^e he gives four generaj Olisb^^ 
Rltisophoraj^ CaratUa and CajsipOiirm, contaTning in all 14 species* 
He also treats the old East Indian species of other authors and not 
synonyms with R. mangi^f of the West Indies^ 

Velozo, 1827,“ uses the same nomenclature as Ltnnxus, but 
shows an excellent representation of the plant and especially the 
lenticels on the hypocotyls. The dissection of this organ is also 
admirably figured. 

J tis^icu, Antoine Litiret, " Gen. PfanL,” p, 213, 1789. 

■^Sarigny, M., '‘Lam, Dist./' 4^ 696, 1796. 

^^LamardCp J. A., "" Encydopedie Mctbodlquep Botanique/' VoL ^ J87, 
1804. 

HSbJre, J. H.p ''Expos!don dcs Nat et ta Gcmiinadon dcs 

Plants” 1805. 

*^De Candolle, A. P„ ■'Theorie Elcmentaire do la Botinlque,” jStj. 

De Guidolle. A. P^ "Prodramus Sj^t NatwraliSp*' VoL IIL 31-34, iSjut 

Vcloxo, di Miranda J„ ” Flora Plutulncn&Is leones^” 1827+ 
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Barding^ 1830," devised 3 system of classification in which the 
Rhizqphorcse were removed from ihe Order Myrtinea; and put 
under one called Calydflor^. 1, e., on account of its structure Et w'as 
placed with the Vochysieae between the Onagracesc and the Combre- 
tacex. 

Eddlicher, 1836,^^ used a modified system of Jussieu's^ but the 
changes were largely in the great subdivlslans^ the genera are still 
those of Bartling more particubrly . 

Brongniart, 1843,^^ transposes and enlarges the family of Rhiao- 
phorc^ and places it Ed an order (Enotheriinr with Lythracc% and 
Myrtaceae as a doubtful member, 

Mcisner, tS43p*" groups the Melaslomaceae^ Lythracestp Ona- 
graccrftp Combreiacea? and Vochysie^e with the Rhizophorace^ as 
class Cakycanlhemoe. 

Lindley, 1845,“*^ reorganized the group and under the head Myr- 
tales united ten faniiHes, One of which was the Rhizophoreae, thus 
recogninzing its affinities with the Myrtales^on account of its ** pluri* 
locular ovaryp polypetalous flowers^ \ralvate ealyx^ indefinite stamens 
and fiat cot>iedons much shorter than the radicle^ which germinates 
before the fruits fall/' He recognizes five genera. 

Grbebachp i864p*‘‘ mentions only if. as being found in 

the w^cstem hemS sphere and say$ that Meyers'^s if. is 

synonymous. 

Ilemsley^ W. in his reprint an the “ Voyage of the Chat- 
Jrw^fr" regards the Jf. mangle as the only in the 

Americas. 

Hookerp 1879,*^ in the Flora of British India does not include 

matsgtcj but it i$ known to occur m the Pacific Islands and fol¬ 
lows there certain lines of dissemination, 

« Bartlinff^ Fr., " Ordines Nat Plant./^ 1830- 

**End 3 ictcr, Sr, GeiL PTanL Set. Ordmes. Kat I'is,,"’ iS^&r 
BroDgtiiart, Adolphe, Enuitieralion des Gd^ics dcs Plantca cult ivcs^^ 

184^ 

” Mctsiierp C- F.^ Plant Ya^cularitim Gen. Sccund Ordines, 1843. 

*"Lindley+ JohUj “Vegetable Kingdom,” p. 1&45. 

Gilsctiacbp A. H. " Flora of British West IndicSp** p. 274, 1S64. 
Hemiky^ W, B,p “Voyage of IL M. S. BoL Bermudas,'’ 

P 32. 

‘ 5 ®Hooker^ D. J.p “Flora of British India^” VoL It,, p. 435, 1878, 
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Engl^r and Praittl* iSgS/^ regard ihe group Rhizophores al 
having onl)' five genera with Rhi^^^phom compo^d of three species 
— R. tnafigle^ R. conjugata and R. mucromta. This classification 
is that used in ad Flor^ containlag Uie species. 

SmalP* in all his manuals'^'** mentions only Rhktiphora 
as well as Chapman” and other systematic writers. 

The family Rhizophoracese then belonging in the Myrtales order^ 
falls naturally into two subfamilies^—^Rhizopboridett and the x'\niS0- 
phylloidese. This is recognized by De Candolle^” and Van Tieghem®^ 
and all the later writers on the family. Some authors^ however^ 
divide the family into a triple groupings with a third head the Leg- 
notide^, and still others as Baillon’^” arrange the family in a different 
groupings This latter author divides fourteen genera into four 
divisions—I. Rhizophoreae* II. the Baraldicac, III, Macarisies, 
which is equivalent to the group Legonatides of Bartling and Cassi- 
poureae of Meisner* and lY. the Anisophylleae. The aSinities of 
the plants in this family have manifold connections such as the 
Onagracex, Loranthace^p Comaces* Lj’thraceEe^ as may be seen hy 
the placing of these genera by the earlier authors cited above, and 
before R, Brownes* 1814,“* arTangement had been placed in the 
Caprifoliacese. All the groupings have been based largely on the 
relative positions of the perianth and the gyno&cium^ Baillon^s group 
of Rhizopbore® having concave receptades and ovary inferior. 
Style simple and seed exalbununous^ with macropod embryo, ger¬ 
minating in fruits On the trees, embraces four gen^ra^ These are 
the ones mostly given in modem floras of oriental countries and are 
Rhis&phorHj Ceriops^ Brngukra and Ka 3 fd€l(a, They are all repre¬ 
sentatives of tropical Asia and Africa, except Rhisoph^ro^ which 
is cosmopolitan m the tropics^ 

Englcr, A., and PrantE, IL, Dit naltirlicben PfEantcnfamiiitn,'’ Tell 
^ IIL, abt y, p. 42^ iSgs?. 

Small, J. IC, "' Flonk of S. E Uahed States," p. 190a, 

Small* J. K.p ""Shrubs of Florida,'’ p. B9, 1913, 

Smalt, J, K., " Flora of the Florida Keys,” p. 105, 19x3. 

Chapman, J,* Flora of Soutlieastcni Untied States,*^ p, 153; 

“■De CandolEe, C., " Prodromtis,^'^ IIL, p. jl. 

Van Tieshem, Pfi., Am. Nai.^ Str j, T VIIn, p. 1S881 
■■Baillpn, li., “ Nat Hist of PlantSt** VoL VL, p, 

Bromip R., Fltndp Voy.j'* XL, p, 549, 1614 
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Engler and Prantl, howcvcrp whose cta&siflcation is still the au¬ 
thority perhaps includes under the divisioti of the Rhisto-^ 

phoride«-Gynotrochins, five genera* Gynotrochcs^ 

Rhisophora^ Ceri&ps and Kandflm. 

But thougli the genera of the Shi2ophorace^ do not fall very 
naturally into an arrangernenl* it is now fairly well decided that the 
seven si^ecios of the Ltnnsean genus, Rhisophi^ra^ have been condensed 
so that only three species arc recognizedp viz.^ if. fnanght^ if. roft- 
jugatu and if. iiiEfcrc^fta/a^ Of these three species as noted before 
only if. is indigenous in the Americas, although IMartiuSp 

Euler and Urban^^® i8B2p in the Flora Brasiliciisis" mentions 
Meyers's species if* race mom. This is a synonym or a subspecies 
of if, Guppy, 1906, “recognizes if. mangle under hvo dis¬ 

tinct types—the Grande" and the Chico"* types. This will be 
discussed in a subsequent paragraph. 

The main features which demarcate if, imingJe from its related 
species are the shapes of the leaves, the length of the petioles and 
the number of flowers in the Cannes; and the texture of the petab» 
whether they be thick lanate* or thin and glabrous^ There has been 
some slight confusion in the nomenclature of these three species, 
although recent floras have straightened out the tangle. TimmcnSp 
1894/^ in his " Flora of Ceylonp'* mentions the tivo Oriental speciesp 
and gives as one—if. tfiifcroim/a Lam. as synonymous with if. eandel 
Moon Cat and if. macrarhisa of Griffiths. The other of his tvvo 
species is if, Candelaria^ which is synonymous with R. canjugata of 
Linn^us and if. ^nauglc Moon Cat and Linn^us tn part. 

Hooker^*^® in “ Flora of British Indiaalso gives if. mucranata 
as ihe if, mangle of Linn^p but this Is not correct. The if. 
which is the equivalent of R. mncranala Lam., is L. mangle Roxb., 
which is quite different from R, mangle of Linnaeus. This error of 
nomenclature has been made by Roxburgh and perpetuated in the 
older works. 

Euler and Urban, Flora Vol. XlL, par. II. p. 

435,. lESa, 

«*Giit>py, H, B., "Obser^Mttflns of a Naturalist tn die Pacifk," VoL 1 !^ 
1906, 

II., -* nota of Ccylott" Part 11 ,, p. 151. 18114. 

"Hooker, D. J., “Flora of Britiili India,"' VoL IL, 435, 
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Kiftg^* has ihh point dear in his Malayan Flora^ wh^re he says 
R. —jf, Roxb, {not Linn J and also if, fnucrorhi^a 

Griflf. while if. conjugata. Lam,— R. caudclana of De Candolle; 

R. mangli^ Linn, is a purely American species, but has been found 
by Guppy a^ociaEed with the Oriental species in some of the islands 
in the South Facifie. 

MOftPilOLOCY AND IIlSTOLOGV* 

The gross morpholog^j*^ of Rhisf^phora ^nanffU is synopsized In 
any flora or manual of the species of the tropics in w'hkh the plants 
are found. But it is w^ell perhaps to set dow^n the chief features of 
their stmcltire here+ (See Plate IX.) The red mangrove may be 
a large tree 6o to 8o feet tall, or smaller shrub 6 to i8 feet tall. 
This varies with the region and has given rise to the two types based 
on size, i, e., the Afangle chko” and ''Mmigh grande" The 
primai^^ root soon dies out, secondary' roots are put out by the 
seedling. Later adventitious prop-roots are put out from the base 
of the stem and from a mass of arched stilts about the tree. The 
branching is opposite and from the lower branches aerating roots 
are let down to the substratunu these also assist the prop'rools 
in anchoring the tree. T\\t twigs are stiff, cicatrized and thick, 
and the wood throughout the tree is very hard and dense. 

The leaves are opposite^ clustered on the ends of the twigs and 
furnished with large inter-pctiolate and caducous stipules. They 
are decussate, peltolatCp elliptic^ entire* glabrous thick and coriaceous. 

The flowers arc yEllowish or Avhitish, coriaceous and axillary; col¬ 
lected into hi- triparous, rarely simple and more generally ramified 
cymes at the summit of a common peduncle. These flowers are 
usually pedicellate, articulate and have mostly trvo connate bracteoles 
forming a sort of involucre. The flow^er is regular with a concave 
ohconical receptacle* The sepals are four in number inserted on the 
margin of the receptacle, coriaceous and valvatc; and the petals are 
also four, alternate with the sepals and valvate. The stamens are 
mostly eight, with four larger ones oppositipetaious, and have many 
short filaments or none at alL The anthers are unique. The anther 

Kfnir, Geo., ^ Materials for a Flora at the Mala^^n Peiiinatila,'’ Vot j, 
P- 313^ Culcutta, 
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furrows are lateral or subintrorsc and the pollen sacs arc areolate- 
multi locellate. 

The ovaiy is half inferior, hi-locular and at the verte,^? produced 
into a cone. Style subulate^ sometimes rather short, at the apes 
stigmatose and bidentate. There arc two ovules in each eell^ placed 
in a collarterally descending position^ the micropylc being cxtrorsely 
superior. 

The fruit is berry dike, coriaceous and indehiscent, surrounded 
below the middle by the rc flexed persistent calyx. Only one ovule 
matures into a seed. The embryo is cxalbiixomous with fused coty¬ 
ledons. The radicle or hypocotyl perforates the apex of the seed 
and germinates within the fruit ; at length pushing out through the 
pericarp, greatly elongates while still on the tree. An absdss layer 
is finally formed at the iunction of the cotyledonary sh&ath and the 
shoulder of the hypocotyl, and the scediing drops from the parent 
tree into the mud or water. 


The RtMTs. 

The roots of the mangrove, even as menttoned by the ancient 
GreekSp are a peculiar feature of the genus, being, as Theophrastus 
says, like “ polypi.” The primary root put Out by the radicular end 
of the hypocotyl soon stops growth and the root function is given 
over entirely to secondary rods. The cause of cessation of growth 
by the primary roots has been suggested by Wanning,®* Johows®* 
Schimper,®^ and others, as due to the bites of crabs, snails or other 
mechanical injury. At any rate the primary root does not long 
persist and the plant is soon auchored by a rich mass of secondary 
roots. The struclurc of the roots is very^ interesting. There are 
really two types of roots* those prop-roots arising from the base of 
the tree and bending out to form the curved stilts, and the adven¬ 
titious roots dropped from the lower branches are one kind and are 
known as the aerial or aerating or pneumatophorc roots, while those 

Warming, Eng., ^ Rhizophorji Mangle, Tropisdic Fragm eiue,^’' 

Jahrb. /fir Jyjt^ Bd 4 p, 5^. 

"Jobow, Fr., VcgelatioQsLildtr aui Weit Indien und Vcnettiela, Die 
Mangrove Smnpfc, Kosmos." Bd. L, pp. 4lS«42lS, 

Schltdper* Ar F. W^, Indo-Malari^hie Stnmd^ora," Mot. Mitki'ttuuffen 
(iia dtt Troptn^ Hcfi 3, rS^i. 
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Fic. t, fT^nsvcrae $A:tion of prop-roo^ showing cortex cont.iining idttt- 
bksla. isflnin cclli and panenchymitic ctlls* Cork misidc and tlie mdodermis 
on ihc inner margin of the corteaL The ^'naetiiaT ejlindrr and mc^dulta 
tnsidc. X 

Fig. ± Camera Itictda drawing of longitudinal lection. Cortex cells 
showing sections of tdiobla^ts and tannin cells. X 47o. 

Fic. ^ Enlarged Irani verse irclion of cemex cells of absorpiive root. 
Large elliptic cells transfuafon tissue iidaller circular cells, longitudinal cells 
containing starch. X600. 

Fn* 4. Drawing (cam. be*) of longitudinal secHon absorptive root 

MiOC, AM^. mu.. SOC.. VOL. L\% JAWAMV fi, I9IS. 

























PHYSIOLOGY OF THE RED MANGROVE! 


Oil 


which are stihterranean or sobmaTine, burled In the mud, and which 
have assumed a purely absorptive role, are called the absorptive 
roots in this paper. Van Ticghcm®* has described and figured the 
root of the HhisopharSf and shows especially the development of 
these secondary roots. IJe says: “An arch of the pericyclc of the 
width of three cells in the external layer and corresponding with a 
wood bundle, increases and cuts off two rows of cells, but espe¬ 
cially does the external byer increase, and it is this alone, by two 
tangential wall formations, which differentiates the three regions of 
the rootlet from the original cells. The internal row docs not go 
beyond the base of the central cylinder. The superimposed arc of 
the endodermis dilates its elements, but not radically, and encloses 
the developing rootlet by an absorptive pouch. In this pouch, which 
is dilated to a great extent, the rootlet elongates rapidly the w-idth 
of the cortex, but remains very narrow. More slowly it then en¬ 
larges at the summit and the pouch is absorbed bterally, but the 
terminal part is left adhering like a cap as it emerges from the root.” 

This interesting process may be seen on both the hypocotyls of 
seedlings and the origin of the dependent prop-roots from the 
branches. These little root caps adhere for quite a long period; 
especially in the aerating roots. If the tip of one of these pendant 
roots is injured, there will he a division j'usi hack of the tip and the 
geotropic growth will continue as two or three branches. These 
branches usually push out at the lenticel with tvhich these aerating 
roots arc well supplied. The same thing occurs on the hypocolyl 
which also is supplied with lenticels. If the roots at the radicular 
end arc destroyed adventitious roots arc put out up farther on the 
hypocotyl, perhaps just a few centimeters bebtv the plumule. What 
the stimulus may he is not exactly known in this case, but in as 
much as oxygen has been shown to be stimulating in the production 
of root hairs in plants, it may be presunted that the supply of oxygen 
received through the lenticel acts as a stimulus for-thc production 
of the rootlet from the pericambia! tissue just at the point beneath 
the lenticel. The initial stimulus for the production of these adven- 

"* Van TicglienT, Ph„ and Doulwt. H-, .‘fan. rfcj Sfi, Nat. Fv/ffm'ijMf Ser 
7 . Tottie 7, p. 212. V , r. 
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titiou^ roots IS, of course, the injury or removal of the tip of the 
root. 

Root hairs arc lacking in RUisophora, ns in most all aquatic 
plants, but their function is fulfilled by many tiny roots which grow 
out from the subterranean or submarbie absorptive roots. These 
absorptive roots are quite different From the aerial part of the prop- 
roots or those dcijcnclent from the branches (see Fig. 4 and 6, FI. 
\'Ul.) These roots are mostly rather short and thick, fleshy, and 
whitish or piiikLih m color*, and of a soft texture. 

The extra thickness of these subterranean absorptive roots h 
due to the greater devetopinent of the primary cortex. In the 
absorptive root this is of large loose cells with very large open inter¬ 
cellular spaces in which Idioblaats or trichohlasts are lackingh Ex¬ 
ternally as Solcreder®* has shown, the periderm consists in this 
absorptive root only of cork cellar while the same tissue in the 
aerial portion has both cork and parenchymatic separation tissue 
alternating. 

The cortex of large round cells has been studied by both \an 
Tieghcm and Sokreder, and even figured, but it is supposed that the 
material was not fresh and the delicate cells of the cortex were 
shrunken (PI. f'tJ?- 3 }- These cells are closely connected with 
the absorption of water, presumably growing as the plants do in sail 
water ot a rather high ccmcentratioiiH shrunk on being placed in 
reagents of different densities. At least in the preparation of 
material for this paper such has been the case ajid only in material 
freshly sectioned and mounted in glycerine water could tJie true 
idea of the structure of this cortex be gained. 1 he cells compose 
a loose network and have very large open spaces between them. 
Some cells are converted contiguously in strands, others radiate 
about short groups of cells^ which are much elongated in the 
direction of the axis of the root f PI. I., Fig. 4)’ These elongated 
cells are often quite full of starch grains, while the large roundish 
turgid cells radiating from them contain relatively few starch 
grains and marc mucilaginous protoplasm which stains slightly 
with w^atcr eosin. These round cells, when slightly shniiiken due 

Solcredef, ** Syitemalischc Anatcitnie tkr DiCotyledoTum" p. 
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to a partial plasmolysis* show^ on focosing at different levels, the 
lower wall and its line of juncture with a cell hencath or on Lhe 
side, this artifact produces a double line of tension or wrinkle on 
the wall which seems like a tube or channel contained within the 
cell. Warming regarded these as tlitckenings for support within the 
cells which prop the cells apart and assist the soft tissue of the 
root in nuaintaining its shape and as they do not appear along the 
ivall separating an intercellular space this artefact seems to really con* 
firm this view. But since these verdickungslelstenare not seen 
in freshly sccHotied and water mounted material, Waiming's theory 
of lateral mechanical support for these cells is not tenable. Mate¬ 
rial carried up in balsam or glycerine jelly does show this peculiar 
irregularly '"branched thickensngp"' but h can only be regarded as 
an artefact. The tissue of this cortex seems to function as a trans¬ 
fusion tissue. Warming and Solereder also both state that the tri^ 
choblasts are lacking in the absorptive and tertiary roots, but on 
close e^camination some may be found scattered in the sylem ele- 
ments of the vascular bundle. 

In the aerating prop-roots and those dependent from the 
branches which have not yet reached the w^ater die cortical area i-S 
filled wfith trichoblasts and large tannin-containing cells (see Figs* 
i and 2, PL IV\), These trichoblasts arc frc<picntly branched and 
double or H-shaperL the branches running up in the intercellular 
S|jacc5. The tannin cells are larger than the cortical parenchyma 
cells and on longitudinal section appear as long chains of dense, 
dark, solidly filled cells. 

The endodcTTnis is easily recogniacd in cither transverse or lon¬ 
gitudinal sections by its loose clear structure, the walls being thin 
and rather more regular than the cells of the cortex, and show the^ 
slight irregularities in the wall that Warming mentions and calls 
" the Caspar spots*” In the older roots the endodermis is crushed 
by the secondary growth so as not to be recogniaable. 

The central vascular cylinder of these aerating roots shotvs sev¬ 
eral interesting peculiarities. If sections are made from regions 
just behind the root cap and then a region several centimeters back 
and finally of an older root, striking differences are noted. In the 
figure given (Fig. i, PI. IV.), the section has been cut about three 
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centimeters behind the The conductive bimdle cylinder ts com¬ 
posed of ^bout 30 or 40 aitermting semnds of xylcm and phloem 
tjiSiSUC. As Warming has also shown^ however, a most unusual de¬ 
parture is made from this regular root arrangement in that there are 
often more tlian one phlo™ strand between two xjdem patchesi as 
seen in transverse section. This is supposed to occur by the splitting 
of strands. The phloem strands eoiitain both sieve tubes and phlo^ 
paj*enchyma. The xylem in its earliest state* 1. pTotOK)'lemp has 
very few' ispiral trachese, just behind this extemall}" Is a small group 
of soft hast elements, the tracheae being surrounded by a sclcren- 
chjma ring or sheath. In this development, the method of growih 
is centrifugal. Beyond this group of phloem dements is the xylem 
strand and this has the peculiar structure of a double bundle, but 
both are enclosed in one sclerenchyma sheath. WTiat causes this 
splitting in the xylem it is not possible to say. Among tiie x>dem 
dements are scattered large pitted and scabriform vessels. The 
phloem is now very well developed. 

The pith of the root is of brge thin-walkd cells* typical medul¬ 
lary tissue with intercellular spaces in which lie many trichoblasts. 
The pith also contains tannin cells. 

The Stem. 

The twigs and branches of Rhtsopitifra show little that is pecu¬ 
liar in the general arrangement of the structures. In the w'oodd 
however, there are prosenchymatic vessels which arc pitted and also 
there arc some vessels %vhich have bdder-like perforations* These 
appear as holes w ith transverse bars across which sn most instances 
number about four or five. The medullary rays arc rather broad 
and where the bundle vesscb come in contact with the ray tissue 
the walls of the former are pitted. 

The cork formation, according to Sokreder and Moller,^^ is 
superficial, and of the spongy type. In the pericycle there is a dense 
ring of sclerenchyma. which makes the twngs very difficult to cut. 

Moller, J., Hol^anatomic." r&7^ 
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Flc. 1, Idipblasts frotn macernted MTtrrCHphiSiflgr^pli, x 175- 

Fio. 2 - Transverse |i>|iiicolyk ^t^ticd wllli copper sirctale. 

Tannin ^tlh black. X 

Fic, 3, MicfO'photoBniph of upgKf epidermis. X *75. 

Fig, 4, Lower epidermis, showing siomarn. Micrn-photograpli, X I7S^ 
Fig. 5. Lovrer eptiJcrmii wilh cells of the hypodermis shown. Dark 
cells StaJned for lannin, %hl areas stninaEa. MIcnKpholograph, X 
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The Leaf. 

It is in the leaf that a ^eat many of the adaptations of the ftiaix- 
grot^e to its special envirortment arc seen. The leaves^ as nienttonetl 
before, are opposite and assume somewhat a perpendicular posi¬ 
tion. Johovv"* regards this position as a protection agatnsE the light, 
the great intensity of which has, according to him^ a destructive 
effect on the chlorophyiL Each pair of leaves is provided with two 
interpetiolar stipules which are twisted in the opposite direction 
from that of the leal which it encloses. The unfolding of the leaf 
bbde from the stipule occurs as in the figs* The stipules are pro¬ 
vided with glandular hairs, which secrete a resin-like substance that 
Eggers^* says covers the pltintule in the seedling stage and protects 
it against the action of the water when the seedling floats in the 5Ca. 

Warming"^^ hgures a diagram of the cross section of a petiole 
in which there is a ring of vascular tissue and inside this ring arc 
several other vascular bundles with the phlo™ turned in the reverse 
direction. In his opinion these strands arose as splits from the 
bundles on the upper side. 

The leaf blade is elliptic and has a very prominent midrib, as 
Sban^^ observed in his early description. The epidermis b very 
heavily cutinisted, especially on the upper side which entirely lacks 
stomata (Fig. 3, PL V."), The stomata arc slightly sunken and 
provided with an antechamber (Fig. 4, FI, V,}, According to 
Warming the stomata originate at different timeSp the younger be¬ 
tween the older ooe:s, aud are scattered in cverj’ direction, A most 
striking feature of the leaf tissue b the largCi mostly four-celled 
water-storage hypoclermis. This is a true hypodermis, as may be 
seen in examining young leaves still roSled in the i>tipuleSp which 
even here show a num 1 >er of layers of these cells. The upper 
layer of the hypodermis or mostly the two uppermost layers are 
filled with tannin (Fig, 5* PL V.). The function of these tannin 

Johow, Fr., Iflt ciL, p. -119. 

^ Eggers^ H.p Rhistfpkara manfflt VidenskabeliKe, Mcfldclclser^” p. 

% B<k 1887- 

Etig„ ** Rhisaphora L, Tropisch^ Fragmenlar H ., 

^{>f£riiijrAc JaMuikt^r fur Systtmaitk^ Bd- 4, i88j, p. 319. 

Stoiui, H., " A io dxe Island Madeira^ Burbados, JaaiaiciL, etc,," 
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layers as a light screen will be considered in the physiology. On 
account of the devcIopinEnt of the Jiypculemiis, the palisade lies 
deep in the mesophyll. In fact almost in the middle of the leaf. 
There are usually three layers of very narrow elongated palisade 
cdJs. Interspersed among them are nrany branched and often much 
tuisted trichoblasts. These branches ramify about In intercellular 
spaces and push the cells aside as they grow. The spongy tissue of 
the leaf is rather loose and is composed of cells varying a great deal 
in size. Some arc large and contain tannin and others contain only 
a thick mucilaginous protoplasm. Large spherical, many pointed 
crv'stals of calcium oxalate fill up cells scattered in the spongy tissue, 
as well as the water hypodermts (sec f-ig. 4, IT. VII), Wanning 
thinks the shining, thick epidermis of the leaves helps to reflect the 
intense light and doubtless this is true and, as wHlI be shoivn in the 
physiology, this reflection serves an important service. 

On the under surface of the leaves are many small black specks, 
which Warming regarded as the opening of glands located deep 
within the spongy tissue. These were filled with 3 sccrctioii which 
looked brown in the material he examioed, 1, c.. material pickled 
in alcohol. It has now been shown that these tiny specks are not 
glands, or glandular hairs, or disks, but really small bodies of cork 
which are fornied from the epidermal culls. 

The Flowes, 

The inllorcsccnce has already been described as usually di- 
or trichsesia) cymes, and its relation to the axis and the bracts has 
been well described by other authors. The four stiff woody sepals 
which persist and grow in siae as the fruit develops are heavily 
impregnated with stonc-cells or trichoblasts. In the lower part of 
the receptacle below the junction of the sepals and the ovary, f. e.. 
Just beneath the ovules, there is a large mass of very loose tissue, 
which Gniruh" noted in his early papers on the species. This tissue 
has very large intercellular spaces to permit the rapid grovith of 
t c embryo to lake place without unduly crushing the cells of the 
ruit. The four petals placed alternately with the sepals are early 
eci nous. They, as well as the sepals, are valvatc and on their 

Griffith, w.. Trant. of tht MeJ. gad Pkyt. See, of Cakvtia. 
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inner faces arc thickly supplied with unicellular hairs* These hairs 
have been shovm in the iHustraiiofis of Baillon/* but in most of his 
other diagrams there are great errors^ as Warmings who has done 
most excellent work on the species^ is careful to point OtiL In tlie 
bud the petals are slightly curved down over the tips of the anthers. 
The tissue of the petals does not contain trichobJasts, but the cells 
do contain proloplasmtc constituents, which take stains more readily 
than the cells of the other parts of the flOvrer, 

The eight anthers are almost sessile and at the base of the very 
short filaments there h a ring of nectary glands (see Fig, i* PI. VL)p 
which secretes abundant nectar that is eagerly collected by insects. 
In sections these nectar glands are seen as dense deeply stained 
masses which have delicate vascular connections with the strand 
W'hich passes up into the anther and also into the petals. The 
anthers, as mentioned before, are multi locular ^ and this feature has 
been described by many previous botanists. GrifTith^^ early gave 
a good description of the method of dehiscence by the pulling away 
of the valves and exposing the core filled with loculi, resembling 
yiscion in this circumstance*” GoebeF* describes such chambers 
in the anthers of Gaum and Ctarkta In the Onagrace® and regards 
them as the bomologues of the trabqculsc of the sporangia in Iswiv-f, 
their function being to nourish the sporogenous tissue. VVight^ 
also gives a very clear dcscriplioii of this form of pollen arrange- 
ment and dehiscence and figures it in another place. “ 

The anther on dose examination has two introrsc faces and the 
two slight grooves dotvn the length of these faces, where the thin 
exothecial membrane ruptures and then rolls back in ordinary 
anthers. The pollen alveoli arc small round cavities embedded in 
the connective tissue, wrbich is much enlarged In these anthers. The 
two delicate channels on the faces of the anthers finally disappear 
with the growth of the tissue in many cases and dehiscence may be 
by a suture at the medial line or at their lateral lines. 

Warming has pointed out the two special features in the forma- 

Batllon, H., 'V-Vatural Hljitoiy of Vol. VL^ Fig. 2 ^ 

"^Griffith, W., lot cit, P3. (14a, Ft^. ii, 

Goebei K., " OrganDjfratfhic dcr Pflanzen/’ p. 7^1, iSpift. 

Wi^jhl, Robi., " iLIujtnitioiis. of Indian Botany/* Vol, i, 

Wighl, Robt^ “ Iconqji Pl^nt, Indise Orient," i, tab. 538-240 
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tiort of the chambers and later of the pollen from the very young 
parenchymatic tissue. These are first that the two pollen sacs fust in 
the upper part of the anther where there is no bilateral arrangeinent 
by a mediati line, hut a line of chambers occurs in the middle plan«. 
of the aptJt ; the second is that not all the cells of the young anther 
parenchyma or endothedum become sporogenous as they do in 
other anthers, but some cells become the alveolar walls. Warming 
further remarks that in his opinion this is not an old phylogenetic 
condition but a recent adaptation and is seen in not only the man¬ 
groves, Rhisopfiora, JEgiceras, etc., but in other families as the 
OnagracesB above mentioned and the Orchidacese {Phaius and 
etc.), as well as Piscum of the L.oranthacc!e. 


The mechanism of the dehiscence, however, is just as interesting 
as the formation of these peculiar anthers and their pollen. This 
feature was brought out in examination of the cellular structure of 
the bud. As the other workers on the species have shown, the 
anthers in transverse section are triangular, or obovate-triangular 
w'lth the dehiscing faces introrse and the back or outer side of the 
anther is a broad expansion of the connective (Fig. 2, PL VL), 
This connective area, 35 well as the partitions of the pollen loculi 
contain a peculiar kind of cell. All the previous investigations 
have overlooked these cells. They happened to be brought out in 
sections which had been double-stained in safranin and methyl- 
p-eeti to contrast the lignified walls of the idtohlasls. WTiile exam¬ 
ining these sections there was noticed in the outer cells of the con¬ 
nective area of the anther a laj cr of cells which contained peculiar 
It^ified, transverse ring thickenings inside the cellulose wall (see 
higs. 3 and 4, PI.yi.). In these anlliers this reinforced area ex¬ 
tends clear to the tip and the cells composing it arc rather elongated 
According to our intorpreution, these cells play an important me- 
chamcal pan m the dehiscence of the pollen. As the pollen ripens 
in the loculMhe thin cxolhecium shrinks and while this is taking 
place the strain produced on this thin-walled cell layer, particularly 
along the middle line of the pollen loculi, by the rigidity of the areas 
composed of the reinforced cells, a rupture occurs at the weakest 

partitions are thinnest. 
\^hen the spM has occurred all along the Une the exothecium falls 


Pftooceoinos aw. PHtLOS. Vql. LVI. No, 7 


Plate VI 



Fig. j. seclion of anihcr showing; area of reinforced Mils 

oa outer Side, vastobr tnicte^ pollen locuU witb reinforoMl cells Ln the sepia, 
and thip exothccium separating off. Pollen Bcaiiis bi loculi and dark cells 
of nectarj" at base of stamecu (Cam. be.) X TOr 

Fic. J. Transverse section of anther showing pqllcn loculi, vascolat 
bundle, and areas of reinforced cells, (Cam. luc*) 



Fr& 3, Longitudinal section of celts of reinforced art^ of anther show¬ 
ing hgnified rib thickenings. (Cam. be.) X Sdol 

Fig^ 4- Transverse secEinn of rein breed area of anther, showing lignibed 
ribs, {Canu Ihc,) X 5®^ 
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awavi just as described by pteviaiis writers* and ejcposes the pollen 
in the loculi to the air and contact of inserts. The cells here de¬ 
scribed with their lignibed thickenings are also densely filled with 
dark-staining protoplasm* similar to those of the petals. According 
to Warming the cytological development of the pollen grains does 
not prescrtf any unusual feature and the cursory examination of it 
in the preparation of this paper, which is not concerned with cyto¬ 
logical details, seems to confirm Warming's statement. 

The pistil is relatively simple and has a two-cdlcd ovary with 
the spongy tissue above mentioned beneath it. In each of these 
two cells there are seen two ovules, one of wliEch becomes a seed. 
The ovary tapers gradually into the erect and elongated woody style 
which has a bifid stigma at the tip. The ovary, the ovules, the egg 
and fertilis^ation apparatus have a very special interest in Rbiso- 
phora owing to the plant's habit of viripary. The endosperm itself 
has been the subject of investigation and considerable specula¬ 
tion. Baillon seems to have started the discussion by saying that 
the embryo is destitute of albumen, but is surrounded by a soft mat¬ 
ter which assumed its role. These parts connected with the repro¬ 
ductive function are best considered under the next heading. 

Embryology. 

The embty^ologTi' of the red mangrove has been attacked by sev¬ 
eral botanists with more or less success. The study of its vivipary 
has led up to these detailed studies, which have been made princi¬ 
pally by three workers* Warming,*^ 1883* Kars tent"® *891, and the 
most recent by M, T. Cook,®^ 1907. The first merely touched inci¬ 
dentally on the eiuhfyology in as far as it w^as related to the general 
'morphology, Karslen^s work» while more detailed, was undertaken 
with a view to its relation to vivipary and the ecology of 
in the ividest sense. Cook's paper summarizes the work of Karsten 
and while short is very good, but the author himself says that com- 

Wanoinj?, Euff., loc. ciL* p. 528. 

''^Karsten* G., Ueber die Mangrovc-VrjsirtaEjon hi Malayahn Archipel/' 
BibH&ihirfa Bvtmiixf, Heft 22, 1891. 

Cnokn M. T., ” The Emlir^olcirgy of Rh^ephora mangle,'* BuH. Tor^. 
Mot, Vol. J4, No. 6, p, 271, igiy. 
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plete series were lacking in his studies owing^ to deficiency in ma¬ 
terial In this resume, the rather speciaJiied paper by Haberlandt” 
and to some extent the studies of Johow" cannot be overlooked. 
Tlie former was particularly concerned with the nourishment of the 
embryo and the fiinction of the endosperm. 

In this paper the embryolog>' has not been considered as being 
of primary consideration in relation to the studies of the physiology 
of the species and in view of the investigations already made on 
the embryology tlie main features will only be reviewed here to 
give a dearer understanding of the morphology. A few photomi¬ 
crographs arc given also by way of illustration. 

The ovules all show a nucellus and in the tip of this, which in 
cross section is slightly irregular in outline, there is the arche- 
sporium. Cook says this is subepidermal and figures it as such. 
This archesporial cell cuts off two tapctal cells, but this number 
docs not appear to be definitely known for the genus. However, 
Karstens material J2. miicrotiittii is figured as having two tapeta! 
cells and Cook's material R, mangle also. In the figure of the longi¬ 
tudinal section given in this paper the large horseshoe shape section 
of the integument is seen as the only one present. Cook has shown 
that there really are two integuments at the beginning where the 
archcporial cell is still small, but that later the inner one is destroyed. 
The integuments both grow rapidly and soon enclose the nucellus, 
while the archesportum divides into the megaspore cells. Here 
there seems to be a discrepancy in the number for the genus, as 
Karsten found four for R. mucronota. while Cook gets three for 
if. but as Cook says he only was able to secure one good 

preparation of this stage the constant number cannot positively be 
stated. As the embry o sac enlarges the nucellus completely disap* 
pears, as does also the inner integument with growth of the sac. 

This stage, or one a little later, is shown in the figure where 
the outer inltgumcm is seen w ith a littte of the soft spongy endo¬ 
sperm Inside and tlie enlarged embryo, with the tinv liark area 
where the plumule is beginning to form. The cells of the eiidospenn 


" G., “ Ueber die Ernahnmg dcr Kcimleinge, etc," 

JardmBvtUfwjue de BuiUiis^ro. Treub, Vvl. 13, p. pi. ]&)5, 
**JdhoWp Fr„ lot. ClL 
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se?m to radiate from a more or less deRiiitc center of growth in the 
sac+ as Cook has menLioned, Thb feature is seen in the figure of 
a transverse section of the ovules. 

The function of this endosperm has engaged the attention of the 
various botanists meationed above. The cells themselves are large 
and loose and are easily distinguished from those of the enclosing 
integument and Warniing*“ says they appear as if empty of con¬ 
tents and that he never found $tard) in them,K hut had noticed 
sphacrocrystals and it is lurthqrmore reniarked by this author that 
its function does not seem to be that of food storage, but its later 
development indicates a quite unusual function. This later de¬ 
velopment is the pushing out of the endosperm and the cotyledonary 
end of the embryo through the nucropylar end of the &ac or what 
now remains of it as the outer integument, into the ovarian cavity to 
form an arillar collar or outgrowth. A$ Warming and Joliow^'^ 
boih agree, the function of this structure is not for the luring of 
animaU for the purpose of seed dissemination, as Other arils in 
Myristica, Casecria and Biwfiymns^ hut, as Warming says (p. 531)^ 
'* Set Rhtsofyhom wird das exlraovulare albumen wahrscheinlicb 
dazu dieneUp als Saugorgan dem Keimlinge Nalvrung von der Mut- 
terpflanze zuzufuhren/^ This peculiar endosperm staiciurc is seen 
noE only in the Rhiiophoracex but [n other viviparous pbnt5„ a$ 
Treub*'^ has shown for Avktitnia, etc, Karsten*® has shown the 
same conditions for R* mucromta, Brugmentj. Certofi^^ j^giccras^ 
etc-t and that these plants all follow* the same development as was 
early recorded by Hofmeister*® in the origin of the embryo sac from 
the nuccllusp etc* Karsten divides the endosperm formation into 
tivo categories; first that form in which the embryo is soon anchored 
near the micropyle and only after this docs the endosperm^ in very 
small amounts^ begin to farm from nnconnected cclb of a foamy 
consistency. In the second category to which Rkb&phor^ belongs 

^ W&nnms;. Eaff,, loC, cit, p. 531- 

Jotlpw* Fr., loc cit., Pr 4 :> 1 . 

Trciiby M., Anmkj du Jard. B^ianiquir cTr Voh 3, p 7^ 

18S2 

Karsten, Gr, loc. cit, p. |t. 

Hofniesster, W., “ N^euere Beobachturt|g;E;n uber EmbryobLIdting bd 
Phanerogamciip*^ Frinffjhnm'j Jahrl\y I.p p. &a, 1859. 
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the endospcra completely surrounds the titianchored embryo and 
permits of motion in different pkces by the growth of the embryo. 
Of both these cases Karsten says (p. 33, 1* c.): Die RoUo eines 
Reservcsioffe speichernden Gewebes kommt aber dem Endosperm 
weder \m ersten, noch irti zweiten Falle zuJ* 

It remained for Haberlandt, however, to do the most intensive 
work on these endosperm cells. The plants which he investigated 
at Buitenzorg were Bniffuuya, jEgicems and R, ^nucr&mta. For 
the first tw^o genera he has learned dial the endosperm forms many- 
celled haustoria, which grow into the tissue of the iniegitmenl and 
absorb the food for the embryo (p. 93, 1. c.). How’^ever ivhen he 
came to i?, iiitirroHdm he expected to see the same development 
even to a greater degree, on account of the rapid growth of the very 
long hypocotyl, but a quite different condition was found, different 
even from that found by Warming for our species, J?. jfiair^ic. 

The inner rounded end of the embryo is connected ivilh the integ- 
ument by' a well-developed Saugorganstructure consisting of 
cells of several layers, with thin w-alls and rather elongated in out¬ 
line, the upper layer of which is supplied with warts and papilkcp 
which apparently transfer food to the embryo. But the endosperm 
cells around the cotyledonary collar region have Large thin-walled 
watery cells, among which the absorptive papillae are more numer¬ 
ous. Haberlandt shows thi& in a ^ries of excellent figures (L c., PL 
XI.), but that these papilla merely function as, or are absorptive 
organs, Haberlandt does not concede. His conclusion is that this 
tissue is an enzyme-secreting layer of Cells which jicrhaps secretes 
diastase, and to prove this he placed starch grains on these papilte 
and learned that in twenty-four hours the grains on the rounded 
head region were deeply corroded, while those of the collar w^ere 
less so. The large watery cells of the latter region Haberlandt re¬ 
gards as water reserv^oirs for the delicate absorptive tissue of the 
"head"' region. This he regards as a special adaptation to the 
physiologically dry habitat of the mangrove and a protection agairLSt 
transpiration.*^^ 

In the more recent work of Cook there is also mentioned (L Cn 
P ^73) the fact that the cells of the integument arc much denser 

Hat^rtandt, G,, toe. dL, p. 
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than those of the endosperm and that the union bctAveen the two 
layers of cells is very close. Cook further has divided the periods 
of growth of the embiy^o into three definite periods; firstp the first 
growth of the cotyledons, during which the}" enlarge and arc the 
means of storing up the food for the later gronth; second, the 
cotyledons almost cease growings while the hypocotyl elongates and 
the plumule is forming, and the beginuijigs of vascular elements 
take shape; third, the second growth of the cotyledonary body 
which pushed out the region of union of the cotyledons and the 
hy-pocotyl so that the cotyledonary body projects like a green collar 
beyond the apex of the fruit. An absciss layer is then formed at 
the base of the plumule and the hypocotyd drops off. 

POLVEMBRVOIfY. 

The presence of four ovules in the young condition of the fruit 
and the habitual development of only one of these into a seed 
naturally leads ihe investigator to look for polyembryony in the^ 
genus. This condition actually does happen at rare intervals and 
has been noted by a few obKrvers. Warming quotes Fiso^*" who 
figures this rare phenomenon of two or more radicles pushing out 
from one fruit Baron Eggers^^ is also quoted as estimating from 
hU observations on this species in the West Indies that polyem- 
bry^ony occurs three times in one thousand cases and Du Petit 
Thoiiars^ i$ also reported to have observed this. Polyembryony 
may occur according to the wide usage of the term by some botan- 
istSi h c., two or more embryos may develop w'lthin one embryo sac 
by the formation of several embry'os, one of which originates from 
the egg and it is this which Warming figures in PL VTI-VIII,, or 
in the wider sense of two or more ovules germinating from one 
fruit* The difference may easily be seen on cutting away the fruit 
wall; if only one seed is present* it can only be interpreted as true 
polyembryony. In the second case tw'o or more seeds w'outd be 
noticed. 

PIsOi G., 1 q«c, dt. 

H., loc. cit., p. tSe. 

Thouar^s Albert du Peth, Notice ^tir k Manglier,'' Desvaux's Jcunial 
dc Botanigtur, t. 3, p. 3?, 1813. 

paoc. AMWH. PHIL. SQC., VOL. l.Vl^ OO* jAXL'AJtY g, igi8. 


fi24 


BOWTrfAN-ECOLOGY AKD 


More r«:eiitly Guppy has observed cases of polyiMhr^'on}"^ but 
all of the cases which he observed scern to be of the second type, 
in which nmre than one seed Rerminated. This naturalist counted 
eight hundred fruits on trees of fttunpfe in Fiji and found only 
nine cases of polycmbryony, eight with two radicles protruding and 
one iviih three. In particular localities he found as many as iw'o or 
three per cent, of the fruit showing poiyembryony. Perhaps this 
indicates an hereditary factor and tendency in certain trees of a 
region for evolution to a condition of maturing and germinating 
all four of the ovule$ in a fruit. No cases of polyembr^oiiy seem 
to be reported for other species than R, mmgle. 

Embrvonal Development. 

The length of time required for the complete development of the 
embryo from the time of fertilizadon until the fall of the seedling 
has bceu estimated by some observers and actually recorded ex¬ 
actly by a few who pollinated the flow^ers^ Even in Jacquin's 
it was recognized that It was a long and slow process^ for he re¬ 
marks that the time is twelve months to the dropping of the seed¬ 
lings, and that it takes three months for the hypocotyl to appear 
at the top of the fruit. 

While an opportunity was not given to observe this for R. 
tnajigle by the writer on account of the brevity of the laboratory 
season at TortugaSt some idea was gained of the relative rate of 
growth by marking the hypocotyl of very young seedlings with 
bands of India ink and measuring the distance of the ring from the 
apex of the fruitp a$ well as the spaces between other rings on the 
length of hypocotyh after a period of a few weeks, June it to July 
15. On the former date about 20 hypocotyls were marked in the 
above described manner with rings one centimeter apart. At the 
end of the time on July 15, during a return trip to Key West and 
Stock Islands where the trees v^fe^e growdug, it was found that 
twelve of the seedlings were still on the trees and had made various 
growths, vk., 5, 3^ 3, 3, 6, 5, 3, 6, 5, 4, 5, 3 centimeters, or approxi¬ 
mately 4 7 cenliineters, growth in the thirty-four days wdiich had 
elapsed. 

** Jacqiiin, N. J., ” Sclcetamm Stirpiuiti Afncricanorani,” 176^ p. t^i. 
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A great deal oi work has been done by Guppy“ on plant dis¬ 
persal and in one work he has devoted several chapters to the 
mangrove and on page 451 of the above book gives the '"history of 
the reprodnctive process in Rhi^cphQra from the fertilization of the 
ovule to the falling of the plandet or needling from the treeJ’ He 
goes on to say: “I devoted great attention to this subject in the 
instance of Rhhf?ph<?r0 v^angte, being desirous of determining two 
points, in the first place as to whether there was any period of rest 
between the maturation and germination of the seed, and in the 
second place as to the period that elapsed between the commence¬ 
ment of germination and the fall of the seedling/^ ^"The principal 
change in the ovary for the first three or four weeks after fertili¬ 
sation IS shown in its increased breadth. The increase in height is 
but slight daring this period; and in fact after thirty days the ovary 
only added two millimeters to its original height of dircc millimeters. 
After this the growth of the fruit proceeds until the tip of the 
radicle pierces its summitp the fruit being then about eleven lines 
(2,Scm,) long. From flic of fertilization to the time the radkh 

piercee the top of the fruit a period of about fifteen wrfJtr elapses. 
(The fruit, it should be here remarkcd, continues to grow in length 
and breadth after the radicle has protruded^ attaining a length of 
thirteen or fourteen lines (3,5 cm.) when the seedling or "keim- 
ling" is ready to fall.) 

It will be observed that there is no period of rest in the growth 
of the fruit up to the date of the protrusion of the radicle. It may 
also be shoum that there is normally no pause between the epoch of 
the maturation of the seed and the beginning of germination or, 
in other tvords, that from the time of the ferdliaation of the ovuk 
to the onset of germination there is no cessation in the process of 
growth of the embryo. That period of dormant vitality tvhich al¬ 
most all seeds pass through forms no normal feature in the fife- 
history o! this species of Rhisophorof* 

In Guppy's more recent work*’' of igtj in the West Indies and 
the Azores he gives a summary likewise of the period which elapses 

** Guppy, H, Dbscn'ations of a Naturalist in the Pacific" VoL II 
1906, 

■^Gtippy, tl. B., "Plants, Seeds and Currents in tlie West Indies and 
A;!<jre 3 »" London, T917. 
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between fettilizaticm and the fall of the seedlings of the species in 
the former region and states it to be nine or ten months. 

Before leaving this subject of morpholog)' and histology^ there 
are two anatomical features which deserve special mention and 
which occur in nearly every tissue of Rhisophom. These tw^O 
peculiarities are the indioblasts or trichoblasts and the tannin cells. 
The trichoblasts were, according to Warmings perhaps first de¬ 
scribed by Decaisne/* who remarked their presence in a "root/' 
They are perhaps better seen, howeverp in a hypocotyh w^hich if 
broken transversely the surface of the fracture is seen to be densely 
bristled with the tips of the thonsands of {diohlasts embedded in 
the intercellular spaces of the corteXp as w'cll as the medulla and 
even vascular region (Fig. 2, PL V-). The most of the idioblasts 
in this organ* as well as those in stem and roots, are composed of 
four donated and taper pointed branches joined in the middle by 
a short connection* the whole structure appearing as a letter H (Fig* 
2 * PL I\^)i The idioblasts of the leaves^ howeverp are more irregu¬ 
lar and branched or even stellate in form with the branches rami¬ 
fying among the cells. Sections of this type are seen in Fig. i, 
PI In the older and more lignihed tissues* as the stein and also 
in the hard calyx and Ovary, the idiobUsts more nearly resemble the 
stone cells of fruit pits and of the leaves of CaiKcffifland 
having the lumen almost entirely filled up. These structures, as 
Warming remarks * very^ soon render a razor entirely unfit for use 
in the preparation of histological material. The same author re¬ 
gards the function of the structures as mcdhanieal in preventing 
shrinking and shriveling of tissues when exposed to the great heat 
of the sun. But as they are frequent also in parts which are not so 
exposed* as for instance the absorptive roots and the intciior of the 
fruit and flower, etc.p this theory of support against shrinkage due 
to heat is not necessarily truCp but it may be conceded that their role 
is mechanical and they do support the large intcrcctlukr spaces found 
in some of the tissues. In discussing fibers and hairs, De Bary** 
says: There occur in phanerogams fibers which are freely and 

•^Decaisne, Sctcncfj Niiiurdtts, 2 , Series 4, p. 76, iSj-S- 

** Dc Baryp A Contp^rsirivc Anatomy ef the Vegetative Organs of 
tin; Phanerogams smej FeroSp^ tr. Bower and Scott* pp. i jn and 220* 18S4. 
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often abiind^Lnlly branched and of a form which varies according 
to the special place of their occurrence. These usually occur in dis- 
similar lacunar tissue with their branches pushed Into its inter¬ 
stices. In as much as these project lihe many-branehed hairs into 
wide aiT-containing spaces (as Rkisophoray . ^ * and also occur in 
many tough leathery foliage leaves . . . they appear to serve as a 
strengthening apparatus for the tissue, De Bary^ further mentions 
their occurrence in the pith and cortex of Rkhophora (p, 220) but 
has overlooked them in other parls. He regards them as being 
closely related to sclerenchyma fibers and only differ from them in 
shape and distribution. 

The tannin cells do not seem to have received so much attention 
from histologists as the idioblasts. Most investigators on Rhtso- 
phora have mentioned the occurrence of tannic acid in large quanti- 
ties, but tew have remarked on tlie localisation of this substance. 
The large ceUs of the root'Corteic, both of the aerial prop-roots and 
to some extent of the absorptive roots, are filled vvith large* rather 
polygonal cells, which contain tannin. The tannin in the cells ap¬ 
pears as tiny brown grarinlar masses* which stain a dense black 
when special preparations are made of tissues stained with copper 
acetate or ferric chloride. The pericyde region of the soft absorp¬ 
tive roots contains the most in the subterranean roots which perhaps 
have the least ol any organ in the plant, in tlic leaves* as seen in 
Fig, 4, FI. IV,p the large special tannin cells are the first two layers 
of the hypodermis, just beneath the epidermis. The pericarp of 
the f ruit and even the young embryo also show notable qualities of 
tannin in specially prepared mateiiaL The role played by tannin 
in the economy of Rhisoplwra will be discussed in the next cliapter* 
The largest amount is found ,in the cortex of the stems and aerial 
roots- 

Physiology* 

The physiological relation of Rhizoptwra to its various media of 
gro^vih is perhaps the main subjecL of consideration lit this paper. 
The idea of work on the physiolog>^ as expressed by transpiration 
and absorption» had its inception in the interest aroused by the ap¬ 
parent ability of these trees to grow almost equally well in cither 
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fresh or salt water. The transpiration as affected by the climate 
WZ 5 not of paramount interest, as that has received much aitentiDn 
by such investigators in warm climates as Haberbndt,^^ Holter- 
mann,^'** GiJtay/"® WieBner,^®* Stahl and many others. 

As mentioned bcfore> the Rhizof^hora trees grow along the shores 
of bays and the mouths of rivers,, where the above conditions arc 
found, so an attempt was made to study the effect of this environ¬ 
ment as evidenced by the transpiration rates of plants in similar, 
but controlled conditions. At the same time varigtis soils were ex¬ 
perimented With. 

Seedlings of the first or second year's growth were secured at 
Cayo Agua^ one of the lower Florida keys, and brought to the Tor- 
tugas Laboratory on the laboratory yacht, a distance of about ninety 
miles. The seedlings were found m natnra] beds under the parent 
trees along the shores of this island. During the transit some of 
the seedlings diedr but enough were saved to start several hundred 
cultures. These cultures were made in large heavy glass beafeers 
about ten inches in diaTncter. 

These seedlings were placed in a Jar. iti soil and mud, etc.i ac¬ 
cording to the kind of culture, and the jars filled up with water- 
Tbe water was of a definitely known concentration of sea w*ater or 
pure rain water from the laboratory cisterns. The soils ordinarily 
used were either the native Tortugas sand, a very coarse calcareous 
sand composed of the remains of calcareous algse, corals, echino- 
dcmis. gastropods, elc,| or a reddish soil brought down to the labora¬ 
tory from the vicinity of Maplewood, N. J. This latter soil ap¬ 
peared to be composed of a disintegiated, ferruginous sandstone. 

Habcriandt, G.. ^ ■ Ueber dip Groesse dcr Traniplrmtion im fcnchlern 
Tropenklimiii" Eb^iitda, Bd. XXXL, letjS. 

Holtprmann, K., Die TrarspiratEon dcr PSajuen in den Tropra, ' 

dtr k^L prruti. ot^sd. d^s Bd. XXX., 

i#i GiTtay. K, Dsc Trajiipiratipn in ilen Tropen iiniij in Mttlcletiriipa,’^ 
11. Ebtnda^ Bd. XXXIL. iSgg. 

lei j ^ Pidier, "^Uebef die Transpiration etnlatibtcr 

Zweijte, OtfjJjrr. Botm. Wien, BsL XXV., p, mj, 

ifi* Unger, F.. “NePc UEiter^nchiingeEi tiri>cr die Tr^spimtion dcr Pfl^n- 
xenr Ebcnda, Ed. XLlV^ l«fia. 

Statit, E., Einige Vcrsudie utber Tr^spiradon yud Assmiibtinn;" 

Zeitunff, Bd, Lll., iBr^, p, 117 , 
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A feiv ciilturts \vcre also potted in a dark, bluish, ^ray mud taken 
up from the bottom of the moat at Fort Jefferson on the adjacetit 
Garden Key* This mud, which seems very similar to that of tyjncnl 
mangrove swamps^ gets its dark color from decaying organic matter 
in it and b also heavily charged with hydri^en sulphide arising 
from the decomposition, just as is the ordinary mangrove swamp 
mud. 

Some of this mud was boiled to drive off the gas and other 
cultures were made of the unboiled mud to learn if there might be 
a difference in the r^te of transpiration. 

The water concentrations used in the soil experiments were pure 
salt water and 50 per cent, salt water. 

Technique. 

The methods of getting at the rate of transpiration which 
seemed the most feasible considering the available supply of ma¬ 
terial was that of Stahl. This method, while only a colorimetric 
method and hence not recognized as so exact as ^re perhaps volu¬ 
metric methods, gave very interesting results with a few modifica¬ 
tions to suit the conditions obtaining in the bboralory. A Gauong 
leaf-clasp was used for the transpirorneten The indicators for this 
little mstmment are discs of Swedish filter paper saturated in 4 
per cent cobaltous chloride snlution. These disc arc inserted in the 
rings inside the thin glass sides of the instrument which is then 
clamped on a rod stand and the apparatus placed beside a culture 
jar. Full-grown leaves of about the same size on plants of the 
same age were used for tc?ts. A sinaJl diffiailty was encountered 
in the high humidity content of an island and tropical climate 
atmosphere, since the indicator discs necessarily had to be abso¬ 
lutely dry* This difficult^' Avas overcome by keeping the dbes in a 
calcium chloride desiccator of large size which conveniently held 
the whole instrument with its ball-and-socket adjustable arm. in 
making tests, the paper discs Avere placed in the clasp and dried 
over an alcohol flEune until the characteristic pink color of the paper 
at ordinary atmospheric conditions was replaced by a deep blue of 
absolute dryness. The whole clasp was then quickly placed in the 
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desiccator^ which >va5 cookd artificially by an ice chamber about it 
This was found necessary to expedite the talking of tests, as the heat 
absorbed by the apparatus during the drying bad a vitiating effect 
on the transpiration experiment unless cooled, and if allowed to cool 
to the room temperature slowly, too much time Avas lost betATCen 
tests. After a minute or tAs^o^ the apparatus^ sufficiently cooled and 
dry, was quickly removed from the desiccator and damped on the 
upright rod support beside the culture jar* the selected leaf placed 
in the clasp and the screws slightly adjusted to press the sides of 
the clasp on the surfaces. By a stop Avatch the time was then 
ftoted that was required to change the color of the indicator disc to 
a uniform pinW^ due to the effect of ilic moisture transpired ihrough 
the stomata and epidemus of the leafp As there are no stomata on 
the upper surface the change in color for the disc on the upper 
side of the leaf always lagged In the time interval from 65 to So 
seconds behind the lower or stomatal side. This Interval aa^^s con¬ 
stant for nearly all tests and for this reason only the loAVcr-side 
indicator AA^as used for the records. An error in calculating the 
time interval required to effect the change in the indicator occurs 
in the loss of time required to adjust the instrument on the plants 
during Avhich the atmosphere has an opportunity, for a few seconds* 
to get in its influence on the instrument, but the transfer from the 
desiccator to the plant becomes routine after a fcAV hundred tests 
and this time error of a few seconds may be disregarded^ as it is 
constant for all the tests. 

The successive tests AA^ere made at one time on each culture jar, 
separate leaves* one each, of the three plants in die jar being used. 
The time of taking the tests Wi^as as far as possible made in ihe mid¬ 
dle portion of the day and every effort was made to avoid jarring 
or shocking the plants just before or during a test, on nccount of 
the accelerating effect of shock on the transpiration rate. The 
records were all marked in notebooks and the average taken for 
the three tests on one culture jar. 

The cultures Avere kept on large tables holding about thirty jars 
in the laboratory^ which was open on all sides and contained venti¬ 
lator trap doors in the roof Avhich were propped open during the 
day. The plants were thus sheltered from the direct rays of the 
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sun and xmxu However, during the long* stillj calm days of June 
and July there is veiy little atmospherit vartation in the Torlugas 
climate. The greater pari of these two months is made up of dear, 
sunny days with almost 00 wind. The average wdnd veloriiy for 
the regionp according to the U. 5 ^ Weather Bureau Records from 
Key Westp is 9.6 miles per hour for the year, but most of the gales 
occur in the fall and winter months, September and October being 
called the hurricane months*" 

The average temperature for the year is 76.S® F. with a maxi¬ 
mum of 88* r. and a minimum of 77* during the months in 
which these tests were made* while the average relative humidity 
for the whole general region is about yj per cent. 

In both the soil and the water coiicciitralion series of experi¬ 
ments it was found advisable to siphon off the water from each cul¬ 
ture jar daily. In doing this, two objects were attained—a fresh 
supply of water containing the various gases. etc,, in solution was 
furnished the roots of the plantSp simulating the tidal action of the 
sea in the natural beds in the mangrove swamps and also by this 
means the mo^uito larva were removed to a large extent, the cul¬ 
tures of plants in fresh water and tlie higher dilutions of salt w^ater 
being an Ideal place for tbe breeding of mosquitos if left undi^ 
turbed* 

In the water concentration series of cultures several hundred 
seedlings were potted in the jars similar to the above described sod 
experiment cultures* The soil used howrever to anchor the seed¬ 
lings was uniform for all the serjes, that i&p only the Tortugas shell 
sand was used. 

The water conccntrallons emplco^cd for the series were as 
follows: 

Series A —too per cent, fresh water. 

Scries B — 75 per cent fresh water. 

Series C — 50 per cent, fresh water. 

Series I?— 50 per cent fresh water. 

Series E — 10 per cent* fresh water. 

Series F — 5 per cent fresh vrater. 

Series C—100 pet cent, salt water. 
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In 1915 a Bcrfes of cultures was made on hypercortccnlrated sea 
water of 140 ptr cent, concentration^ The transpiration rate records 
for the culture showed a very stow rate of transpiration and in fact 
the whole meiabollsm of the plants was $0 retarded that the plants 
slowly yclloAved, dropped the leaves and died after a few wcek^. 
The rate on the basis of StahFs method vras 5.66, t\ e., approxi¬ 
mately there was rer^ulred 5-®® minutes to change the indicator of 
the transpirometer. 

In addition to the cultures la vraier, there was a series pbnted in 
shell sand and merely kept moist with salt water, but also kept in the 
laboratoiy sheltered from the direct rays of the sun, w'inej and rain. 
Another series, however, was placed in boxes of sand^ merely kept 
moist hut placed on the landing dock of the laboratory in full glare 
of suHp etc^ This situation most nearly approached the living condi¬ 
tions of Rhizophora seedlings drifted up on the beaches of the Tor- 
tugas Islands. As there are no mangroves in these islands except 
two yTOUng- trees in a very shdlered position on Garden Key, an 
inquiry into the physiological behavior of these drifted plants was 
attempted to learn \vhy the mangrove docs not siindvc in this group. 
This subject ivill be discussed in the light of the above experiments 
in the chapter on ecology. However, it suffices to say here that the 
hard conditions of these cultures proved too much for the seedlings 
and one pair of tiny leaves would unfold after another with very' 
short iniemodes and each pair would success!vdy be burned up by 
the intensely hot sun and the glare of the reflection of the white 
sand in which they were planted together with the greatly reduced 
absorption from the merely moistp coarse, poroii$ substratum. After 
a month of this heroic attempt at growth, the seedlings succumbed 
when the reserve food in the hyp<>cotyl was exhausted, no foliage 
being put forth during iheir brief existence that attained sufficient 
si^e on which to take transpiration rate records* 

In a previous season at Tortugas a number of cultures was 
made of seedlings planted in jars of the Fort Jefferson moat mud* 
but the water was not siphoned from these cultures dally and 
fresh supply put on, so that in a short while the water became so 
charged with H^S gas that it produced a toxic effect on the plants, 
from which they soon died. This toxic effect of the hydrogen 


PHYSIOLOGY OF THE REO MANGROVE. 033 

sulphide gas was of course due to the higher concentration of the 
acid solution, ihe ioniralion being H + and HS —, In cultures of 
which the mud had been previously boiled to drive off the gas. the 
ultimate death of the plant was only postponed as the further de¬ 
composition of the organic substances in the mud soon produced 
enough H^S to again render the culture toxic, it is presumed that 
the constant action of the waves and the dally tides so dilute the 
gas in the natural mangrove beds that the toxicity is removed. 
Many factors enter into this question, as the pfectpitation of sul¬ 
phides by the inter-action of bases in the sea water, action of the 
products of denitrifying basteria in large quantity in the tropical 
tvaters and other conuplex chemical phenomena. On account of the 
early death of the plants no records could be made of these cul¬ 
tures, or at least in sufficient number to warrant any definite con¬ 
clusions. AQ the cultures were allowed about three weeks to adjust 
themselves to the changed conditions in the laboratory from those 
of their natural beds, before any records were taken. By this ad¬ 
justing process time was also given to eliminate any seedlings which 
were not healthy or showed signs of not reacting normally. 

Lastly a series of tw'o hundred young trees was planted on a 
small mound of mud in the moat at Fort Jefferson during the sum¬ 
mer of 1915. The top of this little mound of debris was oiily 
moistened at the highest tide and this exposed part was lai^ely com¬ 
posed of coarse broken corals and shells, pieces ten to fifteen centi¬ 
meters in dimension. The little plants about one half meter high 
were set at varying levels on the mound, some on top in the dry 
coarse debris and the lowest almost submerged even at low tide. 
In 1916 on the writer's returh to Tortugas only twelve of these trees 
were alive, the winter storms had so disturbed the mound that many 
were washed away, the remaining ones were grow ing and apparently 
in good condition. The significance of the experiment will be con¬ 
sidered under the ecological relations, 

TaaNSPi RATION Records. 

The result of about two thousand records made in both seasons 
of the 3'cats 1915 and 1916 art now set forth. The interv^als be¬ 
tween the stop-watch registrations were all calculated for each test. 


634 


BOWTilAN—ECOLOOT AKD 


in minuter and fractions of minutes, and these intervals then aver¬ 
aged for each set of three tests on a culture, and then general aver¬ 
ages made of the series and finally all the sets of records made at 
different dmes on each series were averaged for each scries. These 
final averages, as expressed for each series, are as follows, in the 
Water Concentration Gass of experiments. 

Series A —loo per cent. Fresh—^1^6 minutes. 

Series B — 75 per cent Fresh—-1.7 minutes. 

Series C — 50 per cent Fresh—24 minutes. 

Series 20 per cent Fresh—2.8 minutes* 

Scries E — id per cent, Fresh—^^ minutes. 

Series F — 05 per cent. Fresh—3.9 minutca- 

Series G —100 per cent. Salt -—4-I minutes. 

By arranging the data in curves^ a graphic idea may be gained 
of the rates of transpiration of these plants in their various concen¬ 
tration culturee^ and by applying certain mathematical fonmilse 
definite laws may he deduced for the phedomena. In a preliminary 
report on Uie work^** before the data were all tabulated a formula 
was used with almost the same result as that given in the follow- 
mg curve:. 



But a better formula appears to he the one here given y — ab^. 
In the curve the time intervals in minutes are arranged as ordinates 

Bowintm, H, H. M., Fhy&iolingfiail Studki on RhkitphDra^ Prac. 
iViJfp Val. Z No, 12^ Dec., 1916, p. 665-688^ 
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and the concentralion percentages as abscissa. That is, the cun-e 
indicates the period of time required by the plants to transpire equa 
quantities of moisture when planted in varying concentrations of 
water. When growing in fresh water, the plant transpires the unit 
quantity of moLsture in i ,6 minutes, when growing in loo per tent 
salt water, to transpire the same quantity there is required 4 I 
mmutes. The effect then of idcrea^in^ the salt content is to retard 
the lime of equal iranspiratious of moisture. The physical law 
expressing this progressive increase of time interval, necessitate 
by the increasing concentration, has the mathematical form y=n^. 
That is the time, y, for a plant to transpire a unit quantity of mois¬ 
ture when the percentage of salt solution is x, is equal to constant 
b (approx.=j) nmltiplied by a constant, b (approx. =.1.79). 
raised to x power. For the percentage concentrations used in this 
work the rate of transpiration then \Tiries directly with the concen- 
tTation. 

The result of these experiments can only in a general way be 
compared with those of other workers on transpiration, because 
there are too manv factors which were necessarily quite different in 
the materials and methods. The plants themselves are specially 
adapted to a water environment and protected against an excessive 
transpiration, while the ordinarily high salt concentration of the 
medium of growth makes absorption difficult. The rather high 
humidity of the air tends to reduce transpiration, while the heat 
and intense light of their habitat helps to Increase it. The general 
results, however, do correspond with the experiments of Ricome^"' 
on plants of Afolroiura wmrifiwia and Alyssum marittMtum. This 
investigator cultivated the plants in normal soil and salty sod and 
transferred to plain Knop's nutrient solution and in Knop’s solu¬ 
tion to which one per cent of salt (MaCl) was added. W^ile the 
general temperatures and humidity were not the same, the light in¬ 
tensity was rather diffuse as in the present studies, but the methods 
of measuring the transpiration differed. Ricomc found that both 
the absorption and transpiration were less in the plants grown in 

iWRicome, “laHtiencc du ChlOftire de Sodium sur la Transpiralion tt 
rAbiorption dc TEau die* tes Vegrtatuf," R^'tdut de fAead, dts 

SA. Pani, T. CXXXVH., 1903. 
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salt $oil than in I he sodium chloride free soil and likewise for the 
Knop soluiion cultures. He finds that NaQ externally makes ab¬ 
sorption through the roots difhcuit and that contained m the plant’s 
tissues lessens iranspiration. Other workers have also experimented 
with plants in solutions of different salts, as Biirgcrstem^^®* who 
grew plants in borax solutions of one to three tenths per cent, con¬ 
centration and by comparison of the transpiration of similar plants 
in distilled vvatcr^ he found tltat those in the borax solution Iran S' 
pi red much less, but art objectionable feature In those experiments 
was the highly toxic effect of boric acid and borates, as Peligot^” 
has shovvn^ since the plants begun to droop and die on the second 
day of the experiments. 

Cuboni*** who experimented with sprinkling branches of various 
trees and shrubs with thin sotulions of ealcium hydroxide and meas¬ 
uring the transpiration by photometric methods found that this sub¬ 
stance had no effect, but as there was no absorption here the results 
cannot be compared, llie available water for absorption is natu- 
rally the factor most concerned in transpiratEon and as the increas- 
ing densii^' of the soluttons makes osmosis and absorption more 
difficult the corresponding phenomenon is decreased in amount. 
Not aU salts in solution how'cver have this physical effect^ tf the 
w*orks of Sachs*and Senebier^** may be considered. The effect 
U also partly chemical, and the physical osmotic relations cannot 
he supposed to be due to the density of the solutions alone, thus 
Senebier, who was an earlier investigator on the subject, states that 
aqueous solutions of sodium sulphate, pota$sium nitrate and potas¬ 
sium tartrate occasion an acceleration in the water movement in 
plants, w^hilfr Sachs claims a retardation for ammonium sulphate and 
scnlimn chloride. Both the experimenters worked wdth twigs and 
so the action by root absorption is not considered and the assump- 

Burgcrsteiii, A., '' Die Transpiraulott der Pflanren," p, 146, 15)04. 
ic-fr Peligot, M., Rfttduj Jc rAmd. des ScL F^ris^ t, 33 r 

ti'JCnboni, G., "La Transpiraiioiie e VAssItnibalone nella FogEie tratnvta 
Cfln Li-Ue di Caleb Maltiighta" Vol. i, |i. 295, 16B7* 

m Sach-i, ^ Ueber den Einfliias dcr dietnisthcn und phy^ikaliKbcn 
Hescliaffetilscit dca Bodens auf die Transpiration dtr Pflanacn. Landw, Vers- 
Startonen “ Btl I., 1859, p, 303. 

Senebier, J,, " Physiotogte Vegetal,'^ Geneve, iSoo, 
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tbn may be made dial the effects were more ebcmical than physical 
and so acmrdiitg to Sachs h would seem that sodium chloride has 
a retarding chemical effect in addition to the retardation of its 
physiological action in the osmosis of root absorption. However, 
as Burgerstein says (p- t53>, neither investigator carried on a large 
series of experiments and Senebier moreover was only concerned 
with the amount oF water as indicated by the absorption. 

In connection with measuring transpiration of plants in various 
concentrations of salts as the series in this paper, Burgerstein“‘ has 
made a scries of interesting measurements, partly with woody twigs 
and partly with rooted seedlings in o.io to i.o per cenL solutions 
of the following nutrient salts: potassium, caldum and ammonium 
lit rates , magnesium and ammonium sulphates, potassium phosphate 
and potassium carbonate. In very dilute solution, .05 to 2.5 per 
cent., the transpiration, when compared with that of plants m dis¬ 
tilled water, is increased, the higher the concentration of the solu¬ 
tion is increased, until at a definite concentration a maximum is 
reached. For the com plant {Zea tuayj) this is about 2.5 per cent 
A further interesting feature of Burgerstem's work is that this 
maximum transpiration-concentration is lower for the alkaline salt 
solutions and higher for the acid reacting salts than for the maxi- 
mum point of nutrient salts with a neutral reaction. In solutions 
above this degree of concentration the transpiration steadily de¬ 
clined. $0 that a general rule could be deduced that In .3 to .5 
cent, solutions the transpiration was already less than lhat of plants 
in djBtilled water^ 

As most of the cultures of the mangroves used In the experi¬ 
ments described in the present paper were grown in much higher 
conceutTUtions than those of Burgerstein, the optimum concentra¬ 
tion of very dilute solutions could not have been detected, or its 
climax of transpiration increase observed. However, in the curve 
No. I there is seen a slight sagas the percentage increases from fresh 
water toward the 10 per cent, solution. This may be interpreted as 
the slight increase in transpiration (here expressed in time rate) 

’•■^Burgerstna, A, ’‘Untersudiuiigcn ntber die Beiiebungen iltr Niihr- 
slpffe lur Transpirttion def Pflajiitn. I. R«he," SUzb. dcr traif, /Stai, der 
fVUs. m men. Bd. LXXSIU-, p. 191. iSyd 
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due to Oie dilute solutfoDt before the optimum coticentmtion is 
reachedH after which it $howed a steady decrease in transpiration^ 
or as here expressed in an increase tn the time interval. In addi^ 
tion to these results as found by Burgersteitij Sorauer^^* noticed 
that in cultures kept in solntious of coneentraiions above this 
optimuni or maximum point. not only was the trauspiration de¬ 
creased but the production of dry substance in the plants as wcIL 
The whole result of the series of experiments may be said to con¬ 
sist in showing the transpiration relation of the mangroves growing 
in solutionsp as plants specially adapted to such halophydc aquatic 
conditions^ that for increases of salt concentration in their media of 
grovpih there is a corresponding dehnite rctardallou of the trans^ 
piration rate which may be expressed in a mathefnalical Formula- 

THAKSPIttATlOH OF SOU, CtFL^TUHES^ 

The second series of cultures aa outlined under the dfiBcription 
of the methods of handling the material is the series of soil experi¬ 
ments. The two soils above mentioned were used and two condi¬ 
tions of soil moisture content employed^ L c., plants in boxes of soil 
merely moistened with water, and plants lu jars kept flooded with 
u^ter. The method of taking the records and the laboratory con¬ 
ditions as to light intensityt atmospheric humidity and temperature 
were the same as for the previous experiments^ as was also the 
procedure of siphoning off the water from the jars and renewing 
the water daily to keep dowm the mosquito larvie. 

The factors entering into this series of experiments %ire really 
much more complex than those in the first set of cultures as that 
involved only the salt concentration of the waterp the sod (shell 
sand) used to anchor the plants being in all the cultures the same* 
But with the use of two soils, the one of a complex chemical nature 
{New Jersey soil)j and the two sets o£ soil moisture contents^ the 
problem is more complicated* The results of the experiments arc 
set forth in Graph No. 2. 

The influences on the transpiration arc here due perhaps more 
to the chemical action of dements In the solution than to physiology 

Sorauetp P*, Studlien ueber VercJuniitmij^ FcurscK an def Gdiiet dcr 
Agrikultur-Phrsik ven WoUny," Bd. Ill,, iBSo, 11, 351, 
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ical effects of varying concentration^H. As will be noticed tlie above 
graph shows two doubles curves — No- i lor the flooded soil and No^ 
z for the soil merely moistened. An interesting feature of the two 
curves considered together is that there is illustrated very ckatly 
the reladon of transpiration to soil moisture content. Stenstrom^^* 
expressed this relation in a principle which shows the connection 



Graph Xo, 


between the soil moisture content, the atmospheric humiditj^ and 
the transpiration of plants thus. wliich equation the 

letters stand for the above factors in the order named. Many 
phvsiologists have shown the relation between available w^atcr and 
transpiration and notable among these is Aloi.-» whom Btirgerslem 
quotes (p, 137. 1. C.. BibL, loy) as showing that with a normal 
moisture content the transpiration was less than that of plants m a 
saturated soil. “Ueber den Einfluss der Bodenfeuchtigkeit auf die 
Wasserabgabe der Pflanzen stelltc auch Aloi vTele Versuche an, 
wekhe lehrten dass die Transpiration bei eincr ' umldita normale’ 
geringer war als in einem * terreno molto umido.”' 


“i SteiislrSttl, K., "Ueber di* Vorlcomnier deraelheti Artcn in vrfSiiied- 
eiien KHijiaten an veriebiedenen Standorten mil besonderer Beru!^*icbtijung 
der Xeronbil ausgtblldttcn Plianzen" Fhn. Bd- LXXX., p. ny, 1895. 

!>• \loi A '■Influenea dell’ UmMita del molo *ulb Transpintiotie dclle 
Piante Ter^esui." .drtf d*"' Ciar-.a di Sdtnec Nat, Calaaia. Ser. 4 , 

Tonifr VIL, !Bo4- 

pnoc. AMEit. ruTL soc.. i.'tsL. Lvit i-Pr Jascaby 
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Curve Nu, 2 , showing the moist soil transpiration, is ^xry short 
and unfortunalely only about two hundred records were made on 
this series of cultures. The same cliaracteristics are shown for 
both curves and the lines are parallel The two sets considered to¬ 
gether show clearly that the rate of transpiration depends upon the 
amount of moisture in the soil available for absorption by the roots. 

Curve No. I shows three things—first that mangrove seedlings 
planted in dilutions over 35 P«r transpire more rapidly 

when planted in New Jersey soil than in shdl sand. Second, that 
similar seedlings under the same conditions in dilutions of 35 
per cent, salt water transpire at the same rate when planted tn cither 
soil and third, similar seedlings planted in water less than 35 per 
cent, salt water transpire more rapidly when growing tn shell sand. 
These three facts can only be explained by the chemical action of 
constituents of the soils reacting with those of the water. The 
balance of solution for these constituents is evidently reached at 
a concentration of about 35 P«r cent- salt water in the cultures indi¬ 
cated by curve No. 1, while the same condition of chemical eqtii- 
tibrinm is apparently reached at a concentration of 8S.5 per cent, 
salt water in the cultures of plants in merely moistened soil. While 
it is not known what the chemical constituents of the soils are, the 
water has been very carefully analyzed by the chemist of the U- 
S. Geological Survey for the Laboratory Director, Dr. A. G- 
Mayer.^‘» 

The explanation of the interaction of the chemical constituents 
of these two soils with the elements of the salt water in the varying 
concentrations used in these experiments is really a complex prob¬ 
lem to he taken op by the chemist and physicist. However, it may 
he suggested with propriety here in a paper dealing with more purely 
botanical phases that the above interaction of the various elements 
in the soils and salt water during ionization In the solutions proceeds 
along the general action shown in the addition of chemicals to sea¬ 
water, discussed iti a recent paper by Haas.'** In this work by 

J Maycr^ A. Annual Rcpprl of the Director the Dept, of ilartnc 
BioloKy^ Carn^^ti inst. of V^ar Book for tfiov 

A, R.p •'The IfFccift of the Addkion of Alkali to &Ni-Water 
upon ihe^ Hydrogen Ton Coticcfliralion^^ Jour, of Biot. Chetn-^ VoL XX\ L, No. 
2, SepL, leifi, p. 515. 
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Haas, strong sodium hydroxide solution (34813 N) was added to 
sea water in small amounts and titrated by means of the gas chain 
and the results given in a curve (p. 5^7) explanation of this 

curve, the investigator says: “The titration curve shows that on 
adding alkali to sea water the hydroxyl ion concentration at first 
rises rapidly and then very slowly until the magnesium hydrate has 
all been precipitated. After this further additions of alkali cause 
a more rapid rise in the concentration of the hydroxyl ion, hut this 
rise is soon checked by the precipitation of calcium hydroxide. 
After the calcium hydroxide is all precipitated further addition 
of alkali will cause a corresponding increase in the concentration of 
the hydroxyl ion,” 

While wc arc not in this paper concerned primarily with the con¬ 
centration of the hydroxyl ion, the formation of the successive 
precipitations proves very interesting and it b phenomena of this 
sort which very likely cause the transpiration of the seedlings to 
go on more actively in dilutions over 35 per cent, salt water when 
planted in New Jersey soil and also to accelerate the transpiration 
when planted in Tortugas shell sand in concentration less than 35 
per cent, salt water. This latter group of results may be logically 
explained by the hypothesis that with the atmospheric humidity and 
temperature conditions the same, the transpiration would be ac¬ 
celerated in the less highly concentrated solution, according to the 
general law of tr.mspiration, since the relatively pure calcium car¬ 
bonate composition of the shell sand ts less soluble than the mom 
complex New Jersey soil. It is also less finely comminuted than 
the latter soil and as Reed’** has shown in the transpiration of 
wheat seedlings that calcium carbonate added in small amounts to 
water cultures or soil cultures has an accelerating effect, then also 
the dilution of the sea water being less than 35 per cent, there are 
smaller amounts of salt in it, so that on the whole the behavior in 
regard to transpiration of these cultures is nomtal for the condi¬ 
tions. 

The acceleration, however, of the rate of transpiration of cul¬ 
tures in New Jersey soil and concentrations over 35 per cent, salt 

»>»Rccd, H. S„ "The Effect of Certain Chemical Agcnti upon the Trait- 
splration and Growth of Wheal Seedlings." Rei, Gtfe-, VpI- XLIX., 1910,11, 81. 
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^v’Stcr must he the manifestation of some such principle dcoion- 
strated by Haas's experiin<eats. 

The PiivsTOLOGY of the Pttoi^ RootSp 
A sjnatl series of experiments was made at ^lianii, Fla.p cn the 
transpiration through the lentkeh of the pneumatophorc or prop 
roots of older trees. Some of these trees were growing 

along the shores of Biscajue Bay and some along the banks of the 
Miami River, The salt concentration of the bay is not as high as 
the ocean outside, due to the effect of the streams which empty 
into it and the river, of course, is approximately fresh watery hotv- 
ever* the tide produces a noticeabk effect in the river and for ihe 
comparalively short distance up the river that the mangroves ex¬ 
tend there is perhaps a commingling of the fresh water of the river 
and the salt of the tide ; however, the denstties of both the hay and 
the river were measured with the hydrometer and the measnreinents 
will he discussed under the ecology. 

Essentially the same technique w^as employed in tahlng these 
prop root transpiration records as that used for the leaf records 
made at Toriugas. The leaf clasp naturally could not be used con- 
venicnily for taking records from the roots, which are cylindrical 
In shape and of thicknesses. To overcome ihe difficulty of 

adjusting the transpirometer to this cylindrical surface a modi lied 
transpirometer w^as devised by the writer and made for him by- a 
firm of instrument makers. This device consists of two curved 
glass sides held in a curved metal frame w'hich is constructed wdth 
two grooves along the upper and lower edges respectively. Into 
these grooves ihc edges of the indicator paper is slipped and held 
in place inshie the curved glass surfaces. The two curved glass 
sides arc held together on one side by a neat hut strong Bpring, which 
opens the instrument and permits its being clasped about a root 
when the two discs of hard rubber are pressed together behind the 
spring. The indicator paper was inserted and dried over the fiamc 
and pul into the cakium chloride desiccator^ When cool ihe instru¬ 
ment was adjusted to the root and the record taken. As no control 
could he had over the concenlration of the substratum and water 
concentration in which these old trees were growing, the results here 
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given merely illustrate lh« fact that these aerating or prop roots 
actually do transpire water vapor and that there is a pcreeptibfe 
difference in the rates of transpiration of trees growing in the com¬ 
paratively fresh water of the river and those in the more lughiy con- 
cemrated salt water of the bay. The average for the series of river 
tests was 2.37 minutes required to change the indicator in the modi¬ 
fied transpirometer, W'hile the bay tests average was 3.66 minutes. 

These prop roots are really acting roots as Karsten*** and 
Schimper'** and others have shown in their experiments on other 
trees of the mangrove habit. In the activity' of gas exchange as per¬ 
formed by aerating r<Kits» there is, of course, eoasiderablc moisture 
transpired. This fuitction of aeration of roots is well discussed by 
Karsien for the prop roots of Bruguiifra erlapttola on experiments 
which he conducted at the Buitenaorg Botanical Garden. These 
experiments were very elaborate and were done in the held, for 
which a ccmcat base had to be constructed in the mud of the swamp 
and bell jars and glass apparatus fitted on the roots in sUa. 
Manometers were used to regulate pressure and the amounts of 
COj exchanged in respiration were measured by precipitating it 
with barium hydroxide as barium carbonate and then back-titrating 
It with oxalic acid and phcnolphthalein. ITiese experiments estab¬ 
lished the fact that the roots do function as respiratory organs for 
definite areas of the plant body and regulate the ait supply for these 
trees whose roots arc sunk in the poorly oxygenated and water- 
saturated mud and slime of the swamp, and they also help to regu¬ 
late the fluctuating conditions prwluccd by the tides when part of 
the tree is submerged, and at other times exposed. Similar experi¬ 
ments and observaltons by Goebel*** '” on ^owJicraho acido and 
Avicennia o^chtBlis, and by Schenck*** on .driVcniifo toiiifflfwo and 

K^raten, G., Toe. dt, p, 41, 

Jsi sdnmper+ A. F. Wn “* Botanisclie Milthcilungm aua dem Tropen,^ 
Heft 3. Die liidcnnialayische StrmtdJlora^ tSpt, p. J?. 

15J GocbclT Kip '"Utber die Luitwiirzdne veil Sonnentia/* 3cr. D4rul. 
Bof. GtsciL IV.p p. 249. 

^“■GoebeJp PnajHccnbblqgisclic Sdiilderungesi, L SudiL^^liscbe 

SirandvegetatTon," p. 113- 

^**Schenck, Hn " t;ebfr Liiftwiirzeln vein und La- 

i^miadaria rflftrmwff/" F/artij iSS^- 
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Lagnncutaria racanitm have broadened the knowledge of these 
organs. 

Before leaving this subject of transpiration, mention may be 
made here of some potomctric nicasurements. At the Tortugas 
Laboratoiy a few potonieter records were taken with shoots of 
Rhisophora to form some actual quantitative estimate of the W'ater 
transpired through the leaves. Shoots of an average weight of 3,2 
grams were used and the same conditions of humidity, light inten¬ 
sity and lemperalure were arranged as for the transpiration records 
above mentioned. It was learned that the average transpiration of 
these shoots was approximately one cubic centimeter in thirteen and 
four tenths minutes. This data, however, has no direct relation to 
the data of the bulk of the experiments performed. 

Biochemical Experiments ant> Tests. 

As mentioned in the prefatory statement attached to this paper, 
certain biochemical investigations were carried on at the Tortugas 
Laboratoiy on the cellular contents of the Rhi::ophoTa. seedlings, the 
two substances Iwing dextrose and tannic acid. The purpose in 
undertaking the investigation was to gain some idea, if possible, of 
the role played by the tannin in the physiology of the mangrove, 
since this occurs in such large amounts in the plant's tissues. Sev¬ 
eral authors have suggested the various functions played by tannin 
in the plant's economy; Wiesner, for instance, believed tliat tannin 
is an intermediate product in the formation of resin, since it has 
been observed that in Pirns, as the tannin decreases in the spring, 
t. c., during the season that the resin is most abundant, there is a 
corresponding increase in the resin. Basset’” has suggested that 
the tannin content of fruits more particularly' depends on certain 
enzymes. Buignet,*** in his work on the banana, argues that from 
the diminution of starch and tannin as the truit ripens, there is 
ground for supposing that tannin assists in the formation of sugar. 
On the other hand, Gerber”’ in his studies on the relation of the 

Basset, D„ Ref, Haas aad Hill, 131. 

Buisnet. A., ^Jhpp. iU ei de Phys., Ill,, Scr. 1.. UCl., p. ^i. iS6|. 

^^rlier, C-, /tun. de Wai., IV.. 1697, pp, 1-260. 
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same substaitccs in the npeniiig fruits of the Japanese persimmon 
considers the tannin decrease in the ripening process U> he due en¬ 
tirely to the oxidation of taunin and that it does not at all contribute 
to the fqrtnatjon of carbohydrates. His reason for this conclusion 
IS that in the conversion of tannin into carbohydrates more carbon 
dioxide would have to be liberated than oxj'gen absorbed, whereas 
in fruits the relation is the reverse- 

Moore'^* contributes the idea that tannins may play an important 
part in the lignification of cell walls. Drabbel and \Vinterstdn^=* 
make the suggestion that their role is important in cork formation, 
tvhile Van Wissdingh^"® has given the latest suggestion in that they 
help materially in the formation of cellulose in some plants as 
Spif'ogyra. The bulk of facts known, however, about tannins do 
not lead one to suppose that they are used up in the plant generally 
since they are left in parts discarded by plants, as faUcn leaves and 
not translocated, but even this does not assume much signihcance 
since sugar and starch, elc.^ are also often found in fallen leaves, 
and as Haas and remark, *"A consideration of other facts 

does not tend to support the idea of tannin being of the nature of a 
reserve food.” Hillhouse,^^* for example, found that if a fuchsia 
having an abundant supply of tannin be grown in the dark there is 
no diminution in the substance m question.” 

Notwithstanding the conflicting opinions regarding tannin and 
the role it plays in Ihe plant's physiology', it was decided to make a 
series of experiments on the tannin of the hypocotyl of young seed¬ 
lings, since in these storage organs it occurs in such great abundance 
together with starch. With the hypothesis that perhaps the tannin 
of the hypocotyl is broken dowm to form sugar as the growth of 
the seedling proceeds, by the action of some enzyme as tannase, 
tests were made for such an enzyme and also on the relative reac¬ 
tion for dextrose aijd tannic acid. About ninety-hve tests were 

Moare, A., Limj?. London^ BoL i&ji, p. 527, 

!=• Dtabbel, A., and Wintersttin, E., Jatirtia!^ 2 , igc6, p. 

«« Van Wis^elingh, C, A tod t-an IV^fcntrh. .d rda 111^ 19TD, 

Haas, P.^ and Hilt, T. G., “Chemistry af Plant Products," London, 
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fiiade by sugh methods as suggested by Abderhaldcn,*** Euler “* 
and more particulaxty Thatcher,’* who eodca^'ored to isolate the 
enzyme, taiimsc, from several varieties of apples, 


Methods. 


The fresh green hypocotyls were cut up and weighed in ten¬ 
ant portions, f. e., ten grams from each hypocotyl. These por¬ 
tions were then ground to a consistency of coarse saw dust by 
pounding in a mortar with a little distilled water. Each portion was 
then digested with 50 cc. distilled water in a beaker on a water 
bath at 40* C. for a half hour and the esttract pressed out. The 
semi^iy mass that remained was then further digested with jo c.c. 
of distilled water, the extract pressed out and added to the first 
extract. This extract of to Gin, of hirpocotyl was then filtered and 
divided into two et]ual portions and each one made up to lOo c.c, by 
the addition of distilled water. One fiask of the filtrate was boiled 
several minutes, then to each flask of filtrate a tenth gram of 
Merck’s standard tannic acid was added and both placed in an incu¬ 
bator at 40’ C. for twenty-four hours. After allowing this interval 
for the cncyme to effect a change in the tannin content in the un¬ 
boiled flasks, both the control flasks and the unboiled ones were 
treated with four drops of concentrated ferric chloride to cause 
precipitation of the tannin and the characteristic change in color. 
In some of the tests the precipitate, bluish black in color, was fil¬ 
tered off and then carefully washed, desiccated and weighed, hut in 
all these tests there was not any evidence to indicate the presence 
of the enzyme tannase in the hypocotyl of these plants. The color 
reactions for the boded was |ust as dense as those for the unboiled 
portions, while the weight of the desiccated precipitates Ukewtse 
showed no appreciable difference, so the absence of the eniyme U 
apparently substantiated. 

Simultaneously with the performing of the above experiments 
a cornplememary series of investigarions was made to show the 

Biochemischen Arbattsmclliodw," 
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relation between the amounts of dextrose and tannic acid in the 
hypocotyls of different ages. A condensed report of this work was 
given in an earlier paper ™ boweverp tbe methodSp slightly more in 
detaiJp may be appropriately described here. The seedlings, as col¬ 
lected in the bedSt were of assorted sizes, but aLL presumably of the 
crop of ihe spring or lare winter months of tlie same year. These 
seedlings were carefully measured in regard to the length of the 
hypocotylt stenip intemodes, size of leaves, etc., and then assorted 
into groups of successively large growths. In making the extrsetsi 
ten grams of hypocoty! seedlings of uniform size were ground up 
iu a morter with a iitik distilled water, just as in preparing the 
tannase tests. Some extracts were made by*boiling and olhers by 
Infusion, but no difference in strength was noted. After pressing 
through cheese doth each extract w^as made up to the original fifty 
cubic centimeters with distilled water. The extracts at this stage 
w'cre of a rather thick syrupy consistency and a dear orange red in 
color. To each fifty cubit centimeters then was added hve c,c. of 0 
saturated solution of lead acetate, a few drops at a time, this pre¬ 
cipitated the coloring matters, phlobaphenes, etc., in tbe extracts and 
after standing four hours, each extract w^as filtered by means of a 
suction filter. The clear straw-colored filtrates were then treated 
with a steady stream of hydrogen sulphide gas for about ten min- 
uteSi. This precipitated the lead as hca^7 black lead sulphide. 
After filtering off the lead sulphide and boiling to remove any H-S 
remaining in the extracts, die filtrates w'cre tested, one drop of 
Crcsol being added to each extract to prevent the grow'th of moulds. 

As quantitive analyses were not feasible at Tortugas, colori¬ 
metric methods of testing were resorted to. For the testing for 
dextrose, Huizinga's Test was used. This i$ a reduction test, which 
was found to work very well with the Rhhoph^ra e.xtrarts. One 
c.c. of the extract was pipetted Into each of a series of test tubes and 
diluted with five c-c. of distilled water, then one ce. of o.i KOH 
solution w^as added and one c.c. of a saturated solution of am¬ 
monium molybdate was pipetted also into each lube. The tubes 
were then boiled over an akoho! flame for 1.5 minute$ and then to 

^*'*EowrEian, H. H. M„ Kepon Botanical Inve^llgition at Tortii^^ 
laboratory, Sicason Camfgie ifiJK &f IFojft. Krar Xo. 1S8. 
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each one was quickly added ten drgps of concentrated HCL A deep 
blue color, in varying degrees of imcnsily dependent on the amount 
present, indicated the dejctrose. 

The tannin ivas tested for hy means of Hager's Test, after ex¬ 
perimenting with various tests, as Gayard's, Grigg's, Oliver’s, 
Vogels, Watsons and Young’s, the one selected was foond to be 
the best for the material in hand, just a$ tluixinga’s Test for Dex¬ 
trose seemed to be the best of nine other tests tried. The test for 
tannin consisted in placing one c.c, in each of a scries of test tubes 
and diluted with five c.c. of distilled water. To each was then 
added one c.c. of a saturated solution of hydrogen sodium phosphate 
(NajHPO,) and a jingle drop of rather strong ferric chloride 
solution, when a precipitate of a bluish violet color occurred in pro¬ 
portion to the amount of tannin present in the tubes. 

W hy these tests and reagents seemed to be the best for testing 
the substances in question in the mangrove extracts is not known, 
but It probably depends on the peculiar composition of J?At£o/>/iord: 
tannin, etc. The tannin of the red mangrove, according to the classi¬ 
fication of Haas and Hill, belongs to the Pyrocatcchol Group, but 
as these authors state on account of the incomplete status of knowl¬ 
edge r^rdiitg the tannins as a whole and of the chemistry of this 
group in particular, it is a very difficult matter to classify them prop¬ 
erly. According to Kraemeri-^ the tannins of the above group pro¬ 
duce protocatcchuic add on fusion with potassium hydroxide and 
phlobaphencs on treatment with adds. A very careful analysis of 
the bark extract of JUikophora was made by Trimble.*** His re¬ 
sults showed that no gallic acid w^as present and that in the dry 
toul tannic acid occurred to the amount of 23.92 per cent, and 
mucilage i ./2 per cent,, glucose .Si per cent., albuminoids 7.02 per 
cent,, starch 4.27 per cent, and cellulose 27.49 per cent. Although 
per laps the reagents were adapted to this group of pyrocatcchol 
tannins, the results of the tests signify merely a relative value, for 
t c quantities qf the substances in question. Thus the comparison 
colorimetncaily of the individual tests of each plant with that of a 
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tube of standard dextrose solution of kno^Tt strength is the basis 
of these records. The standards are tti £ve grades, each being a 
certain definite percentages of Merck’s standard tannic acid, or Kahl- 
baum's standard dextrose. The amounts by this comparative 
method of testing were placed in the five arbitrary units, approxi¬ 
mating the same color as that for 0.5 per cent, standard dextrose 
solution on the one hand, and a 0.135 cent, standard tannic acid 
solution on the other, whh successive dilutions by half of these 
standard solutions. 



The tests were made in series of twelve, that is a dozen seed¬ 
lings of progressive increase in size were selected from which to 
make extracts at one time. More could not be handled conveniently 
at one time, since the length of time required to carry the extracts 
through the various precipitations, filt rations, etc,, gave opportunity 
for mould spores to germinate in the fla^s, a difficulty very hard 
to control in a warm, moist climate. About two hundred of these 
tests were made and the various scries of twelve seedling-extracts 
were averaged to obviate errors in judgment regarding color inten¬ 
sity, etc. Graph No. 3 illustrates the relation of the two substances 
in question as they occurred in seedlings of progressively larger 
growth according to the above tests. The ratio may also be ex¬ 
pressed by the equation y=^-r-f-C, where C approximates 1.05 
and K=%, the ordinates, Y, express units of tannin and the 
abscissx, X units of dextrose. By this graph then it is seen that the 
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unit increases in tannin for plants of progressively larger growth 
vary as % of the unit increases in dextrose, L the ratio is con¬ 
stant and the "curve” is really a straight line. 

The result is rather contrary to the writer's expectations, since 
on account of the extraordinary amount of tannin in the hypocotyl, 
an agreement with the "reserve food" theory, as put forth by 
Buignet, etc,, i. e., the two substances in inverse ratio, was looked 
The results, however, conform to the opposite view a$ ex¬ 
pressed by Gerber, that is that tannin does not play a definite pan 
in the direct nutrition of the mangrove seedling. 

Before leaving the subject of tannins and physiology in general 
it is interesting to note that in Heed’s experiments.^* tannic acid and 
pyrogallol when added to cultures of wheat seedlings produced large 
increases in transpiration. Warming'^ regards tannin as of some 
importance in water conduction and in another place says it func¬ 
tions especially as a protection against undue evaporation from 
plants during winter, and also suggests that it may be a means of 
rapidly restoring turgor. Regarding the function of tannin In the 
leaves of Rkisophora, the view is here expressed for the first time, 
so far as the writer knows, that the two layers of tannin cells in the 
water hypodennis serve as an insulation against light and heat and 
a protection to tile water storage cells beneath it. Schimper’« has 
shown that the strand plants need shade and cloudy skies for their 
l» 5 t development, smee the direct sunlight heats up the interior of 
the leaves and the increased transpiration thus brought to a verv 
high degree is injurious to the plants. In conclusion it is here stated 
then that the tannm in the leaves acts as an additional protection 
against transpiration, and also that the tannin of the hypocotyl does 
not contribute directly to the nourishment of the seedling. 


Ecologv, 

*^^*'*^1 work on the ecology of the mangrove in southern 
on was suggested by the work of Praeger"* as published in the 
•'•Reed, H, S., Joe. p, nj-_ 
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Scientific Proceedings of the Royal Dublin Society and reviewed for 
Plant ff'oi'W by E» W, Berry. This work deals exhaustively with 
the buoyancy of seeds and his obser^'ations on seeds of over 900 
British plants show that the more buoyant forms are inhabitants 
of streams, banks or seashores. The results showed that 85 per 
cent, sunk at once or within a week, 5 per cent, floated i to 4 weeks, 
33 per cent, l to 6 weeks, 1.9 per cent. 6 to 12 months and 4.4 per 
cent, floated over 12 months. In consideration of these results and 
as the life and dissemination particnlarly of the viviparous seed¬ 
lings is dependent on buoyancj* it seemed worth while to undertake 
some investigation of this and related phenomena concerned with 
dissemination. Guppy has done such excellent work and made such 
complete observation on the buoyancy of the mangrove seedlings 
that no work on buoyancy was required, that writer’s latest book'** 
giving a summary of observations .along this line. Harshberger’s 
works”*'”* on the ecology of South Florida also were of a slmu- 
bting effect and a helpful reference in the present work on the 
mangrove of the region, as well as Webber's notes'** and the jour¬ 
nals of the Agassizes,"^'*** 

The relations of these mangroves to their environment have 
been a subject of much interest to ecologists and hoianists in gen¬ 
eral from Theophrastus to the present, and many philosophical dis¬ 
cussions have been given concerning their origin and adaptatioo to 
their habitats. In these adaptations, however, they only perhaps 
show in more marked degree what all plants of strand floras show, 
viz,, strongly developed xeropliytic characters, in spite of the fact 
that the environment is aquatic. These characters have been fully 
discussed by such writers as Holtcrmann'*'’ on the effect of climate 

Guppy, H. B., lac. dt., p. loi). 
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on pbni tissues, and Warming,**'’ Haberlandt,*®* Karsccn and others 
who have all emphasized some special features of this ecologic 
relation. 

The general impression of a mangrove swamp is very aptly 
described by Warming [toe. dt) : “The bottoms of the crowns of 
the trees are usually truncate and stand a small distance above the 
'‘Vater, and beneath them are seen, where i!?/iico^/turitt'vegetation 
forms the outermost fringe of vegetation, a tangle of eountless 
brown roots more or tess clothed with alga*. The soil, which in 
places is not covered with water at low tide, is soft, deep black mud. 
full of rotting, stinking organic bodies in which bacteria abound. 
The water hctWi'ceii the trees may be covered with dirty ftlm and 
bubbles of gas rising from the bottom hurst at the surface."’ One 
may also add that the air is usually thickly filled with voracious 
mosquitoes. 

In spite of this rather unpleasant, but truthful description, the 
mangrove formation holds a great many features of interest for the 
ccologbt, as Karsten’*’ says in describing the mangrove swamps of 
the Malay Archipetago—“ Es ist ein V t-getatiortsbild von seltener 
Einformigheit besonders fur an tropischen Formcnreichtum 
gcwtihntc Augen und doch giebi cs wohl wenige Gebiete, die hei 
naherer Bekanntschaft cine solchc Fulle von intercssantcti Formen 
und beziehungen aeigen.” This unilonnity to which Karsten refers 
m the oriental mangrove consists of nine widely diverse families, 
representing twenty-one species. Our American mangrove swamps, 
however, are much more “uniform"' than this. Harshherger has 
suitimariacd the species in the various kinds of mangrove thickets 
(/of. CTt, 144, p. 77) as they occur on the Peninsula of Floricb for 
the most part with brief notes on the vegetation of the Keys. The 
whole aggregation of species which grow in alt the types of man¬ 
grove formations, whether it be along the rivers, bays or open sea, 
on islands or evei^lades, embrace about twenty-eight species, in¬ 
cluding pteridophytes, floating aquatic planU, epiphytic lichens, etc. 
The trees of the typical mangrove habit, that is, those plants which 

SQtnai«1ie Tropwreijw,” p. 
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by their struclural adaptations and, particularly, vivipary, consti¬ 
tute mangrove” in the sense of the French and German 

botanists, only comprise in the American mangrove thickets of 
Florida, four species. These are the red mangrovep Rhls^phf^ra 
fncngle L,, the bbek mangrove, ^T^Vtfnnio ititida Jacq., the white 
buttonwood, CoKOcar/^MJ areclus Jacq., and Lagunadarta racemosa 
Gann. This last species is not contained in liarshbcrgcr's lists and 
perhaps ivas not seen by him, although it occurs quite abundantly 
in the keys* particularly the more southern ones. Dietrich Brandis, 
writing on its range in Engler and Prantl, says^ however* that on 
approaching iU northern limit it hecomes merely a low shrub, and 
hence easily overlooked. At Ragged Keys, for instance, trees were 
observed three to four meters tall growing on the outer edge of 
the fringe vegetation associated with Rhii^ophora, Loguticisiaria 
grows in fairly deep water along shore with the red mangrove, 
while Coitoctirj^fij and Amcennia are, for the most part, in ^hore 
on ground that is only submerged at high tide, or not reached 
by tlic daily tides at all. On approaching a mangrove isUnd or 
shore this feature is easily seen, the rich olrvc or bright green of 
the two species gfOTiVing in deeper water is noticed as a dense ivall 
about t^v'O meters tall with a line of brown along the ivatcr's surface 
which is composed of the tangle of aerating prop roots of i?/ii50- 
phora, and the small knott)' pneumatophores of Laguncularta. In 
the background, stretching above these two outer species, appears 
the silvery white and light green of the Hr'iVcjmio and the Cona- 
carpus. At some places, however^ grows out in fairly 

deep water and produces its large area of apogeotropic slender 
yellowdsh-brown aerating roots also. 

Physiological CoKsioEtATto^^s of the Ecology. 

The adaptations of mangroves to their environment have been 
grouped by Warming { 1 . c., p, 236)*=*' under severai heads as fixa¬ 
tion, respiratory roots, germination and vivipary, means of migra¬ 
tion, and xerophytic structures. This last heading is best illus¬ 
trated in the leaves, as being perhaps the most plastic organ and 
hence most easily adaptable. The structure of the leaves of /f/i/rro- 
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phofQ has been described in detail in the chiplcr on morpholoi^.', 
but several studies were niadc on ilte leaves to leam to what extent 
the adaptation ts earned tn different habitatSj, or rather tnedia of 
grovvth. To this end then, leaves were secured from trees growing 
in fresh water along the btianit River, from trees growing in pure 
Salt water off shore in the Atlantic, northeast of ^liaint, and also 
from trees growing in the rather dry situations in the Marquesas 
atoll in the Gulf of Alexico, in soil only reached by the highest tides 
and in the same atoll, of trees growing off shore in sah water several 
feet deep. Sections were made of these leaves in v'ariotis prepara* 
tions, free hand, of fresh and pickled material, and also paraffine 
preparations, and comparisons made of the thicknesses of the leaves 
and the relative amounts and positions of the various tissues in the 
leaf. Drawings and microphotogtaphs w*ere made and are here 
given. Iti each of the two sets of preparations leaves were selected 
of the same dimensions and at about the same node back from 
the bud 50 that the compared leaves were as nearly alike as could 
he possible. As a rule, however, the leaves on trees in fresh water 
W'etc slightly larger than those for the corresponding node in salt 
water trees. In Fig. 3. PI. VII.. is seen the illustration of the fresh 
water section. It will be noticed that the tannin cells of the hypo- 
dermis are shorter and rounder, the watep storage cells arc smaller 
and only in two rows, the palisade is thicker and the spongy 
parenchym not so deep and the stomata slightly larger than the 
corresponding features in the salt-water leaf section shown in Fig. 
I, PL V If. Tile greatest difference seems to be in the amount of 
neater storage tissue and the lengths of ilie palisade cells- In the 
salt-water leaf the palisade lies almost in the middle of the leaf, and 
the tannin cells are also rather larger and elongated; this detail also 
helps to strengtlien the writer's view regarding the function of these 
layers of cells as insulation against the heat and light. The ranker 
growth of the river bank mixed with other trees help to make more 
shade for the trees in this situation. The sections of the inshore 
leaves, and the offshore leaves show much the same relation on a com- 
^nson of the sections, hut In a less striking degree. The offshore leaf 
( 4. Ph \ II.) is the thicker, i, c,, showing a tvpical halophytic 

reaction, while the inshore leaf (Fig. 3, PI. VIL) h slightly thinner. 
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Fig. I, Tmnsverse sect bn leaf fmin salt^nnicr grown trM, sliawing dis- 
tril^ution and relative qinuititEes of the leaf tisauci. (C4I111. tuc.) X tJ 3 r 
Dar 5 c celb contain in|r tatmin, clear celli water storage hyxKKleroiUf Columnar 
cells of palisade, and beneath them spongj parcachyma cnntauiing crystals 
and section of vascular bundle. Below a bosc hypodemun, 

Fisl 2 . Transverse section of leaf from tree growing in fresh water. 
Regions same as (Canu Inc.) X 133^ 




3 4 

Ffc- j. Transverse section leaf from tree grown in shore. Regions same 
as Fiff, I, (Cam, Inc.) X 1 J 3 - 

Fic. 4 Transverse .wtion leaf from tree growing olf sboft Regions 
same as Fig. t, (Cam luc.) X 
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The differetiee In palisade and tannin cells is not so pronounced 
here as in the preceding set of comparisons, the main difference 
being in the amount of water storage tissue. On account of the 
slight quantity of rain water held in the soih or of the chemical 
action of the soil producing a lessening in concentration of the salt 
water as it seeps inshore^ the inshore leaves are thinner and show 
the tendency toward adaptation, as seen in the fresh-water leaves. 

It might be mentioned in connection with these preparations 
that the drawings were made by means of a canura hidda and that 
the actual leaf thicknesses were as follows: Fresh-water leaf, .54 
mm., salt-water k^f, .65 mm.p inshore leaf, ,43 mni., offshore leafp 
.54 mm. The first pair of comparisons must not be based with the 
measurements of the second pair, as tlie material was collected at 
different times of the year, different regions and tverc perhaps dif¬ 
ferent in leaf siie or age. 

Vivit*A^Y AND Dispersal. 

Perhaps the most peculiar of all the adaptaLions gf mangrove- 
habit plants is that of vivipary^^ and this seems to be best developed 
in members of the Rhizophoraces: that grow in the deepest water 
and softest mud. This adaptation has a vety vital ecological signifi¬ 
cance in connection with dispersal as remarked at the beginning 
of this chapter concerning Praeger's experiments, and the more 
recently published results of Guppy* Vivipaiy, according to Goe¬ 
bel V*® view, h only found in plants which grow under very warm^ 
moist conditions and this wet environment wiiich quickly germk 
mtes seeds has produced the habit, that is the habit arose by the 
differences in the readiness to germinate in various seeds. 

The first sign of vivipary^ then w^onld be the falling to the 
ground of an immature seed, with the embryo still undeveloped, a 
condition somewhat analogous with that of the seeds of certain 
orchids; next ivould be the stage w hen the seeds germinate as soon 
as shed on the ground ; third h a represented by Laguncuti^ria 
in which the seedling just begins to germinate on the tree, then 
fourth, w^here germination h completed on the tree, but the seed¬ 
ling immediately falls a^ in Avicenma and the climax is reached in 


Gfwbek K,, loc. cit., p. i2j. 
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Rhisophora, where the germinated seedling suys on the parent 
tree for nearly a year. Guppyha:s put forth the unh|ue view that 
in a previous early geological age, under uniform warm, woht 
climatic conditions and a very diffuse light due to constant cloudi- 
ncssp the viviparous habit was universal and that vivipaiy and the 
conditions of the present mangrove swamp arc an index both to 
the meteorological conditions and to the forms of a very ancient 
vegetation. The seedlings, being viviparous tben^ by evolution 
through one of these processes presumably, although the writer 
rather inclines to the former conclusion that the habit arose by small 
beginnings, the dispersal of these depends on the ocean into which 
they fall. 

The dispersal of the mangrove seedling has been discussed veiy 
fnlly by several authors, at greatest length perhaps by Guppy^ as 
observed in the Fiji Islands and the Pacific* and more latterly in the 
middle Atlantic coasts. This author regards the curreius as the 
source of dispersal, since in quiet water the seedling may drift for 
months^ but when they are buffeted by each other or floating objects 
for any length of time, the plumule is injured and the seedling dies. 
The present writer, neverthelcsSp has found many drifted seedlings 
in the Tortugas w hich had been broken either at the plumule end or 
the radicular end and in spite of these mutilations put forth adven¬ 
titious buds at the lenticels at one end.^ or roots at the lenticels near 
the radicular region. The nearest mangrove trees in this case were 
those of the Marquesas atoU at a distance of twenty-five miles from 
the Tortugas group. Intimately associated with the buoyancy of 
the seedlings is their position in the water. Guppy noted that they 
float venically in fresh water and horizontally in salt water, while 
they incline at various angles in dilutions of various densities. A 
fortuitous agreement is seen in this relation between the specific 
gravity- of the seedling and the density of the w^ater, for the hori¬ 
zontal position keeps the plumule moist and uninjured by the fierce 
sunlight. The seedlings have no buoyancy until the h>"pocotyl has 
emerged from the fruit about six inches in the case of t^titcronaia 
and the same ha,s been observed by the writer for young seedlings 

i»*Gtippy, n K, " OSjs^-silioiii of i Katuralisl la llie Pacific,'' VoL IL, 
Platit Dispersai t<j06, p. 470. 
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of R, mangle. Guppy estimates that 95 per cent, of seedlings that 
fall into the sea do float, and has further carried out 3 most interest¬ 
ing smes of experitnents in England with seedlings brought from 
the tropics and kept dry for five months. Tliese experimentsp which 
show the prolonged vitality of the seedlings, recall the words of 
Plutarch quoted in the first chapter of this paper, where he de¬ 
scribed the "" anacampserotes as being plucked out of the sea and 
hung up to dry, and which bud and put out green leaves presumably 
w'hen placed again in water. 

The manner iu which seedlings come to take roots after having 
Journeyed for weeks in the ocean currents is also of interest to an 
ecotogistp because it is only on certain shores that the seedlings really 
can eventually form a mangrove sw^amp. In the Tortugas and other 
similar shores with wdde beaches of coarse sand the essential condi¬ 
tions are lacking and the seedlings go through a short life cycle 
which the writer has reproduced tinder similar conditions at the 
laboratory and always w^ith the same result. The plants are dropped 
from the trees in February^, March and April in greatest number in 
the tlucket^ of the Marquesas^ Boca Grande, or islands even further 
east, these drift tiventy-five to seventy-five miles w'estward with 
the counter Florida current and the high spring tides carry them 
up On the higher beach terraces formed jn the coarse shifting sand 
of the Tortugas with masses of and the broken leaves 

and rhizomes of Thalassia and Cymodacea which form long wind¬ 
rows on the beaches. If there is sufficient of this debris to conserve 
moisture during the dr>' summer months when it acts as son of a 
mulch for the RhhiJfphQra seedlings, the little plants grow and the 
plumule lengthens and forms several rather short iniemodcs. These 
may last with a dcsultor>' growth into late summer and perhaps be 
all swept away from their bed in the shifting sands by the autumn 
storms and hurricanes^ As a rule, however, the seedlings are 
buried more or less deeply in the sand wdth not sufficient debris* 
since this flotsam is lighter and is flung a littk farther back on the 
beach than the seedlings are. During the summer the plumule ex¬ 
pands and the leaves put out^ but these leaves never get over two 
centimeters long and are soon burned up by the intense heat and 
light of the glaring white beach and killed by the drying Avintl. 
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These leaves arc put Dut successively with y^rj short intemodes 
until the reserve food in the hypocotyl is exhausted and the seedling" 
^cs. The ^me sequence of events happened in the laboratory 
cultures described in a previous chapter in which some young seed¬ 
lings w^ere set out in boxes of sand about fourteen inches deep and 
ivatercd daily with sea water* The plants eventually died through 
the exhaustion of reserve food and an inability to compensate the 
loss in food by the activities of new* synthetic tissues. The plants 
were kept in full sunlight in coarse sand and merely watered with 
salt water, the amount in excess of that held in suspension in the 
soil flowang out of the box bclow^. 

Mangrove seedlings have an equally hard time in getting a 
foothold on rocky shores as described by Crossland.*^* He obsert'ed 
that the hard coral rock of the Zanzibar Reef formed a plane floor 
with very' little mud and many small cracks^ but was puzilcd to see 
how' the Rhis^phora beewne planted in such small holes. While 
Crossland does not mention the density of the water^ It secins that 
the w-ater along these reefs must have been largely diluted with 
fresh w^atcr since he remarks that the seedlings floated vertically. 
By close observation^ he noticed that tho eddy and currem gave a 
twirling motion to the seedlingp which in turn produced a boring 
action on the shallow' bottom until the radicle became lodged in a 
little crack. Success for anchoring on these reefs depended on 
quiet water and gentle ripples and suitable crevices on the bottom. 

In connection with the dispersal and anchorage of seedlings, a 
number of observations were made on the character of the hot tom» 
the depths of the water, etc., on the shores of Key West, Stock Island 
and other adjacent keys (Fig^ 4, PL VTII.)* Key West being com¬ 
posed of hard odlithic rock and mud flats of hard precipitated mud* 
the conditions observed by Crossland at Zanjftbar are duplicated 
at some places and seedlings which take hold in the crevices of this 
hard oolite cannot be pulled up, but the root wdll break offi owing 
to the tenaeigus hold in the cleft. On these flats both Avicennia and 
Rhisaphora seedlings were observed starling growth in 8^37 centi¬ 
meters of water at high tide. On Stock Island the same conditions 

CrossUndp C, Note on Dupcrsal of Mangrove Secdliiigi,” Amtah 0/ 
Bittany, XVTL, p. aS?. 
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Fiq. I, SmnteiJ mangroves on sarnj ftat$ in Andros in ihc Bahanisis. 
PFiiitiJ. by SinaJl 

Fia i Htirric^pc 5wain|i as Boca Grande^ 

Fkl 3. TtUandmi q^sahytic on red manirrovc in (he Bahamas. Phoro, 
h>' SmalL 

Fip. 4. A'Ai^cF/iWa on hard oulitc flats on Stock Island at low tidr. 

FiGp s. Mangroves growtin? in dry cofal sand some distance in shore 
nt Boca Chica. 

FiO, d im With roots dng out to show absorptive system 

and prop«p AfanBrovc tstand near Key West. 
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obtain as Key West, measurements here of trees which were repre¬ 
sentative of all the trees about the lower Florida Keys showed the 
average tree to be 3^ meters, growing oti oohtc with only 2-S centi¬ 
meters of mud covering the absorptive roots (Fig. 6, PL VTII.). 
These absorptive roots were ^0-40 centimeters long and i-a centi¬ 
meters in diameter, while the prop to which tiiey were attached was 
of an average length of T,8 meters, the shoot of the props being 
about 1.5-^ meters. The hydrometer seedlings for the water here, 
on June ^^5^ was sp^ gr. ix»205 at 34“^ C On June 5, at the same 
place ivhere seedlings were grown off shore in 20 cm. of w'ater, the 
seedlings were almost similar; T* 34* C and sp. gr. 1.021, 

At Boca Giica, the conditions were sliglitly different, tiie ob¬ 
servations made on June 9 at low dde^ The trees wore growing 
in deep mud almost a meter deep aud were about five meters tali, 
the roots being covered* at low tide, with J0^20 cm. of water. 
Hydrometer seedlings here showed a sp. gr* of 1.0235 at 30° C* 
On this island also w'erc seen Rhisophartj trees growing five to eight 
meters in shore in apparently dry shell sand, in a healthy condition 
(Fig. 5. PI VIIL). 

At Cayo Agua on June ty and 24 about the same measurements 
were made as at Boca Chica, except that here trees were found ful] 
of ft owners and fruits at all stages as well as pendant 5e(?dling^. At 
no other island in the lower keys w^ere flowers noted at this time 
of the year. On the ivest side of the island a hurricane of a preriou^ 
winter had broken and washed up a oonsidcrablc area of the swamp, 
and in this dose mass of dead and vrhite bleached twigs and 
brandies* the ideal situation seemed to be afforded to the young 
seedlings to start groAvth. The dead tw^igs overhead provided a 
lattice of the right sort for optininm light intensity, while the decay¬ 
ing branches in the mud below offered quiet water and debris for 
andiofage. The same thing was seen in the hurricane damaged 
swamp at ^IaT£|uesas (Fig. 2, PI. VIIL). 

At Mangrove Island, Craw^fish Key and Kagged Keys trees five 
to six meters high were observed growing in deep mud. At the 
last mentioned keys the mangroves were associated wnth 
Cowocar^jfj and Lagun^ularia. At Bahia Honda and Duck Island 
only the inner or Gulf side of the islands have a mangrove fringe 
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on account of ihc sandy Iwachcs on the outer shore. In rich alluvial 
soil of ihe ri%^er hamme^ck along the Miami Riverp the Rhizi^pkora 
and other trees form a jungle seven to eight meters tall* ^vhilc hack 
in the Everglades, Rhisophora only m the form of small hushes 
were observed scattered iti the sa^v grass, Mafiscus /nn^^iVritjr 
(Cranbt) Brition. This has 3J50 been observed by Harshberger 
(144, for, ril.) and Dr* J+ K, Smallwho has published voluminous 
reports and floras of the region, and has kindly furnished some 
photographs, illustrating this peculiar condition of the mangrove 
here and on Andros Island in the Baliajiias {Fig. I, FI. VIII.). This 
island is interesting to us because it is the place that Catesby de¬ 
scribed in his early chronicle. At Boca Grandcp Rkizophara seed¬ 
lings were observed starling to fill in a thickly vegetated salt 
meadow, Avhich became flooded at high tide; this marsh was covered 
largely with Balu mdrilimo, Sesit%HtifH p&rtulacaslrmn^ Borrichta^ 
etc., and among them were many thrifty young Rhisophi)rQ seed¬ 
lings. It h supposed that these seedlings were carried into this 
meadow by unusually high tides. 

ExrEKIM&NTAL DaTA, 

Harshberger’s experiments {lac. cii.^ 144, p. 79) suggested a line 
of work on the station of Ehisaphara in estuaries which have been 
carried out in Biscaync Bay and the Miami Biver. Sittee these ex- 
perimeters have been made by the writer. Guppy's book (for. di., 
143) has appeared and this naturalist also has made some study of 
this subject m Fiji and Ecuador. In Fiji, Guppy found that where 
both /?. fnucromta and R. imnglc grew luxuriantly on the coast the 
latter followed up the estuaries and river hanks. Despite the fact 
then that J?, mangle U a salt sw-amp plant it apparently can adapt 
itself to practically fresh-whaler conditions as the transpiration 
cultures in this w^ork show for individual cases. Dr. Smah also 
has told the writer that he has observed in the Everglades and the 
Bahamas Rhhopitora growling, by the square mile afea, miles from 
any salt water. In the face of ihcsc cultural experiments on a small 
laboratory scale and the observations of Small, the evidence afforded 

J. K-, ^EicploraHon In (be Evergladej and on the FttjrJda 
Keys, Jour, JV'. Y, Biri. CardrA^ 15, 1914, 69"?9. 
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by the writer’s own ecological notes along the Miami River, and 
Guppy's obscr\'ations in the Black River, Jamaica, show the fact 
to remain that salt water is needed for the proper development of 
a typical maugrove vegetation. The trees observed in the Ever¬ 
glades and On other places in the interior of stv'amps having a fresh¬ 
water substratum are of small size and poorly developed. 

To account for their origin and growth, even though poor, in 
* such interior swamps, it is logical to suppose that they have been 
carried thither by currents flowing into the estuaries from the sea, 
and for their continued existence we may suppose that the soil is 
still sufliciently salt from previous inundations, or that the cur¬ 
rents which carry the seedlings in are slightly brackish and so im¬ 
precate the soil with a little salt. It is regretable that no data are 
available on the salinity of the soils of such interior swamps where 
mangroves are growing in this stunted condition. 

To return to the experiments made hy the writer in the Miami 
River and Biscayne Bay, it has been long known that in certain 
estuaries there is an up-stream current of salt water which flows on 
the bottom, while a dowm-sircam current of fresh water flows on the 
surface. In earlier observations along the Miami River, Arch 
Creek, etc., the writer noted the gradual decrease in stature and 
frequency of occurrence of mangroves as the river was ascended 
until after three or four miles they had disappeared entirciy. It 
was supposed that this feature, which has often been remarked by 
other ecologists, was in some way connected with the salinity gf 
the water, accordingly it was determined to make some top and 
bottom hydrometer readings. To do this the launch Darwiti was 
employed and the deep-sea water-sampling instrument taken from 
the equipment of the institution's yacht, /ittton Dohrn. This instni- 
mert is a very ingenious device designed by Dr. Mayer and the late 
Mr, Dretv in the latter’s work with bacteria in the sea water of the 
Tortugas region. The iiistrument consists of a glass cylinder en¬ 
closed in a hcav)' brass jacket. The top and bottom of the cylinder 
arc dosed by means of brass plates, which fit tightly and are 
operated by strong springs. The instrument is lowered into the sea 
and on the yacht it is attached to the sounding machine and lowered 
mcdianicidly, and if samples are taken from deep sea water the 
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LnstrumeTit is filled with alcohoK VVTien the bottom or any desired 
depth is reached a heavy weight is sent down the ^leader wire eabk 
which attaches tlie instmiaent to the boat This weight operates a 
clip which releases the spring' and the alcohol is allowed to escape 
and the sea water flows in^ another vveight is sent down which falls 
on a different thp and the instnamcnl is closed, and the sample 
drawn up in a few' seconds. In these experimentSp alcohol was not 
needed; as the depths m the river at no place exceeded nine feet^ 
and as the launch was used in place of the yacht, the instrument 
was low^ered by hand instead of the sounding machine. Samples 
were taken then from both the top and the bottom layers and hy¬ 
drometer readings made of them. The readings were begun at 
9,15 A.IiiL on the outer side of tlic harbor^ in the Atlantic* one 
quarter mile off shore, the second made just off shore near the 
mangroves growing on the outer side of the Harbor near the Gov¬ 
ernment Channel. Then another halfway across the Bay (Bay 
Biscayne) and the nest at the mouth of the Miami River^ from 
thence every half mile up stream until Rhi^ophora no longer ap¬ 
peared. These readings are tabulated below. 

By these readings it is seen that there is a very' decided difference 
in the satini^ of the top and bottom layers. The distribution of 
the mangroves is also correlated with the comparison of the top 
and bottom readings and we may infer that the salt of the water 
which is carried up by the under-current is the factor in the physio¬ 
logical relations of the plant which compose the optimum conditions 
for its growth and as this decreases in concentration by dilution with 
the downstream current, the Rkkophora fringe gradually dwindles 
and disappears. 

DiMORrnissi. 

BeEore leaving this chapter on ecology, a word may be said 
regarding dimorphism in the genus^ Rhhophem. Guppy has re¬ 
corded very obvious dimorphism in R. uiucrcJtufa in Fiji and in 
nss 7 ig!e in Ecuador, the double form in the first consisting of a 
fertile type and a sterile (selala) type in which the pollen i$ not 
viable. The second species consists in Ecuador of the "mangle 
grande and the " mangle chtcor a tall and a little mangrove. The 
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Atlantic Ocean, nine-foot dcptfii ^ 
Off sliore . 

Half way across BIscayne Bay 

Mouth of Miami River .. . * 

Half mUc up (ireani * .. . . 

One mile ap stream 

One and one half miles up stream 

Two miles up streain ... 

Two and one half miles tip stream 
Biscayne Bay- se\^ciT-foot depths .. 
Arch Creek mouth -^ 

Arch Creek* one mile up stream - * 
Arch Creek* two miles up stream , 
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..... 27 . 7 * 

1.0000 

2 S.O* 

19050 

-‘.a Si 

^39575 
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mode of brandling and trunk formation is the chief difference here. 
While the difference in the forms of the two “ forms” has not been 
pronounced enough to engage the attention of sysiematists and 
taxonomists it is a very interesting field for genetical investigation, 
since Guppy suggests that the " selala " type might be a hybrid be¬ 
tween R. ntuffouata and R, mattgle, or perhaps there is a persistent 
dimorphism in R. tnucrstuiia. In conclusion the writer may say 
that only the " mangle diico” type of R. mangle is found in Florida 
and the keys, just as Guppy has found it to be the only type present 
in Jamaica and the West Indies. 

• The iq»pcr rcadm^is of each pair i^rescnta that at tiie surface of the 
river, while the lower readings were those taken on the hottom samples. 
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Relation to other Organ 

The iiuingrove swamps of the western hemisphere are somewliat 
different in appearance from the oriental forests according to the 
descriptions given by writers of eastern tropical botany. The main 
difference is seen in the absence in the western mangrove fomiadoti 
of a large epiphytic flora^ a few Tilhttdsias being about the only 
plants which live on the branches of the Rhisoph^^m mani^k (Fig* 
3 p PL \ as is seen in the photographs taken in the BaJiamas. 

Other plants associated with the mangrove^ i. c.j icrrcstrial, have 
been given by Harshberger in the lists of species for the formation,, 
a great niany of the species given there are rarely Foinid in the 
pnrer Rhi^^ophom formations of .the islands and mangrove keySp 
but occur in the martgmve formation in the river hammocks- 

The animal life of the mangrove swamp is rather limitedg also 
several species of cranes^ the pelicans and a few other species build 
their nests among the lo\v trees and thickets. The two forms most 
closely associated with the RhisQpkQra treeSj however, arc the crabsp 
of which there are also several species, mostly hermit crabs, and the 
oysters. The oy'sterSi as mentioned in the old narratives of Labat 
and Sloan^ have always been found gmwdng on the submerged prop 
roots of the mangroves and their tangle of roots offers an ideal 
place for their development^ and an ea^il)' acces^ibW means of col¬ 
lecting them, a fact appreciated by the SeminoIes„ who tise them for 
food in considerable number* 

DisTRiutmoN. 

The geographical distribution of the familvi according to 
Schimpcfj in Engler and Prantb^*^^ i$ confined purely to the tropics, 
and in the American tropics there as only two ^cn^TRjCassipourm and 
Rhhophora, Of these, the former b indigenous to the West Indiesi 
Central and South America^ and the Latter is represented by only one 
species, R. inon^fr, although, as remarked in Ihc chapter on ecology, 
there are other plants in the hemisphere w^hich belong to the man¬ 
grove association. 

IE. Engtcr* A., and Praad, K.. “Die Naturikhen Pflariicnfatnilicn " III. 
Til, 7 and S Abt, p. 5S. t 
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Branch, inSorexcnccs and Ifowcn of 
Fcrtitizrd flowers, fruits and eaierging seedtioss. 

Mature seedlings dropping from the fruits, showing the conical plumule 
on the pmaimal end of the freed seedling and the eotj-ledonaiy sheath or 
collar from which the plumule has just slipped out and seedlings with bud 
expanded, and several Intcmodcs of growth made. 
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The three species of Rhisepfiora are distributct] cH'er ihc world 
in the followinf manner: R, tfiangle of the American tropics, West 
Africa and the Pacific Islands; J?. mucroiiaia in Japan to Australia 
and East Africa, while if, coHjitgata is found throughout al] tropical 
Asia, In Japan, according to T. Ilo/*’ there are three genera of the 
family present, Katideiin, £lf'i(pifffTfl and Rhi^opkora with the nor¬ 
thern limit of range 31* 2cf N. Ut. This is the limit for any of 
the mangroves in Japan, L t., the forests in Satsuma, and indeed for 
all •\sia, it is of interest when a comparison is made for the northern 
range limit in America, which in Florida is about 28* N, Lat.; 
exception here is made, however, of the Bermudas which support 
an AificeHttia-Rhisophctra mangrove association. 

As mentioned above, Australia and the Malay Archipelago is 
the southern limit of range in the eastern hemisphere. In South 
America the range limits for R. nwnifle are for the west coast very 
sharply defined. This is nothing but desert beach along the coasts 
of Chili and Peru until the frontier o.f Ecuador is reached. The 
Rhkophora shores begin at 4* 5' Lat and are practically continuous 
to the equator, except a sterile stretch north of Guyac)uil, as noted 
by Guppy, On the eastern coast of South America the mangroves 
extend almost to the tropic of Capricorn. Tlie stations and ranges 
in North America have been carefully worked out by Professor 
Harshborger.‘““ Rhisophora occurs in all the shores of the Greater 
Antilles. Cuba and Mexico. In Guatemala there is only a strip occu¬ 
pied by them along tbe coast. In Haiti and Santa Domingo, the 
Virgin Islands and the Bahamas they go up into the bays and har- 
bors, while the Florida I^eys and the southern part of the Peninsula 
are girdled with a thick mangrove formation. On the west coast of 
the northern continent, the mangroves extend to Lower California, 
the range limit being 24" 3S' N. Lat., 3 little north of Matzatbn! 
while Hawaii and Tahiti have no mangrove flora at all Regarding 
the presence of RhisopSwm on the west coast of .Africa, it Is sup¬ 
posed that R. ntnitglf has reached those shores by migrating from 
America, due to ocean currents. On the other hand. Guppy does 
not regard the presence of R. mangte in the Southern Pacific Islands 

•« Ito, T., " RhiiopIiDrca in Jar«Ti." of Batunv, XlII d6s. 

H^LTililicri^-trp J. W.^ txt, 145. 
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as mdtc^iuve of its having come from America, where it ia widely 
distributed, but that in the past it occurred as commoniy id Asia as 
in America, but now only survives in a few places of the Old World 
Tropics. His reasons for this view are not amplified and it would 
seem cunous that R. and 12. mucromta, which require 

the same livmg^ conditions and have the same methods of dispersal, 
etc., should have persisted or developed and R. mangle disappeared.’ 

The distribution in Florida varies slightly on the cast and west 
coasts. The northern limit is 27* 15' N. Lat, o„ the east coast, 
I. e,, at Stuart, and Professor Harshberger has noted their scattered 
occurrence along the St. Lucie River. On the west coast the limit 
is 2S* N. Lat., that is about at Elbow Key and Orange Grove a 
little north of Tampa, according to the triangulations of Sw'ick,*** 
made recently along the west coast of Florida. On the west colst 
in the quiet harbors and bays it is slowly encroaching and, according 
to Professor Harshberger, filling up the estuaries. At White Water 
Bay, he states, the trees have completely invaded the area so that 
now there are only small tortuous channels between the mangrove 
islands. This observation brings before our attention the subject 
under the next head. 


GeoIsOCical Considerations, 

In the first place it may be well to state that there are no fossil 
evide^nces of mangroves, but this is only to be expected, since the 
condib'ons of a mangnove swamp arc very favorable to decay on 
account of the heat and the very large numbers of bacteria of all 
kinds in the water and swamp-mud. Tlie water here has no pre¬ 
servative action on woody tissues as has the water of peat forma¬ 
tions and sphagnum bogs, and so debris in the swamp quickly de¬ 
composes into mud and soil, not to mention the activity of the hosts 
o tiny Crustacea?, mollusca, worms and Eielcnteratcs, etc., in the life- 

filled environment, which all help to disintegrate such organic 
material. 

The effect of the mangroves themselves on their habitat is very 
remar -a Ic, as has been mentioned before in this paper and also has 

U Aloag the Wert Coart of Florida" 

U. S. Coast and Gwdrtiv Survey. Sp^Puk No. 16.19,3, 
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been obseri ed by numerous other naturalists. This tSert is mainly 
the addition to and the extension of the land areas in the regions in 
which mangroves grow. As remarked in the preceding chapter, 
W hite ^\ater Bay has been almost filled up by the activity of this 
plant and many islands and keys have been elevated from merel}' 
submerged coral shonls and reefs to a condition of dry and now even 
habitable land. This growth of the land area may he very well 
studied in Florida and the Keys and several geographers and geol* 
ogists have commented upon the large role play'ed by Rhisopiton 
In the geological history of Florida. This history is rather recent, 
as geologists have discovered by borings and other investigations, 
and Britton^*' says that all the flora of Florida and the Bahamas 
has developed since Tertiary times. More recently Phillips”^' and 
especially Vaughan*”* have added to the knowledge of the forma¬ 
tion of land in Florida by their observations. Vaughan has spent 
much time in the tropics and the particular region concerned in this 
paper, and so his work may be regarded as of extraordinary value. 
He takes the view that one half to one third of the total area of 
tlie Florida Keys is occupied by the mangrove and in the work of 
forming islands there are several stages which may be noted. From 
a geologist’s point of view the roots, of course, are the most im¬ 
portant part of the tret to be considered, since h is in the tangle 
of roots that the debris washed in by the currents is held. 

The three ecological formations are recognized, *. c., the banks 
of the rivers, margins of keys, whose surfaces arc already elevated 
above sca-Ievel, and the pure mangrove islets. In all of these, but 
particularly the two latter ones, seedlings are noted at a dishince of 
a few feet to several hundred feet from the shore. This fact is of 
important significance in the formation of land. This process, to 
quote from Dr. Vaughan's paper at length, is as follows: “When 
they {the trees) have grown sufficiently for the development of a 
tangle of roots they catch and hold sediment and any floating debris, 
by the successive accumulation of such material ultimately bringing 

*•* Britten, N, L., Sritnee, XXL, April, 1003 , p. 6^. 

Phillips, 0, P„ “How Mangi'ciive Trees .■^dd New Land to Eorida” 
loitr. Qf GiOff,, II,. 1^ ’ 

Vaegtian, T. W„ “The Geologic Work of Mangroves in Southern 
Florida," Vol. LIL, Quart Issuf, VoL V,, p, 46 i,xgiqt 
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Ae level of the land above that of the water_Behind the keys. 

in the regions of slack water, deposition of sediment is taking place, 
forming banks of soft calcareous ooze. After these shoals have 
been built up to within a foot of the water level (at bw tide) young 
mangroves begin to catch and grow, . . , The plants become still 
more nmnerons and ultimately form a mat of interlocking roots and 
branches resulting in keys* . . . When the plants become thick they 
wtch and retain sediment ocean drift and are a constructive agent 
tn die famiatitm of land/" 

Aftiir a lime whether it be newly formed key or the mar^'n 
oi a land area, the mangroves, by the accumulation of sediment and 
drift, form land, and this cuts off their roots from the necessary 
supply of salt water causing their owm death. The bud surface 
then acquires another vegetation, but the marginal fringe of man¬ 
groves persists to protect the young isbnd from the erosive action 
of the ocean waves, and young mangroves spread seaward to add 
new land to that already formed, thus these plants are among the 
most important constructive geologic agents of southern Florida." 
The process, as thus described, of course, takes place according to 
geological periods of time and the death of the Rh'tsopborss as indi¬ 
cated above by Vaughan, due to the cutting off of the salt-water 
supply does not take place quickly, for the trees may persist for 
years in such a situation without the tides actually bathing the 
roots, as the ecologic observations and the physiologic experiments, 
set forth in preceding chapters, have demonstrated. 

Economic Aspects, 

The uses to which the Rhisophttra may be put are various, 
though, on a whole, its importance has not been large in its appli¬ 
cations to man s needs, The chief use has been as a source of tannic 
acid tn the past, although another sphere of usefulness has been 
ate y ^ ound for the trees vrhich is perliaps destined to become of 
great importance in tropical coastal engineering. By the natives it 
was used for the tannin contained in the bark, as mentioned in the 
^cient chronicles of Abou '1 Abbas cn-Kebaty and Ray, etc. Some 
^wllers tell of its being used by natives as food, for the starch 
in the hypocotyU, e. g., Ovieda, Ray. etc., while many have observed 
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its use as a fuel, as Labat and Sioaa. But the most general use out¬ 
side of its employment in tanning leather was in medicine, Abou 
T Abbas says that in Arabia it was used in maJcing lotions for sore 
mouth and as slyptic, the astringent proper^- of the tannic add 
being doubtless very effective in its use as a drug. Van Reede gives 
It as a drug indicated in diabetes and Ray says the Indians used it 
as a poultice for a fish bite with good results, Sloan recounu its 
employment as a dye for clothes and the foliage as a green manure 
or fertiliser for soil He likewise pves two other and rather amus¬ 
ing remedies, when considered from a pharmacological standpoint, 
for he says that " mixed with Oyle like Dirt it is good against 
Weariness'' and with milk or fresh butter **outwardly applyd" 
“ helps them who are diseased in their livers." The most peculiar, 
however, of all these quaint uses of ancient times is that attributed 
by Plutarch to the natives of Arabia, where he says the ''ana- 
campserotes" were used in making love philters and potions, and 
intimates a belief in their having an effect as an aphrodisiac. 

At a much later period Amott‘** made the observation that the 
natives of the West Indies used the fmits of the mangrove to make 
a light wine. Thie, however, was only reported to him by travel¬ 
lers from the West Indies. The same use b mentioned by Le Maut 
and Decaisne'*® aa prevalent in the West Indies. In the recent 
paper by Crossland (155, he, cit.) he notes the fact that the Arabs 
of Zanzibar use the mangrove wood extensively in the building of 
their houses and furniture, since they have learned that it is the 
only wood which is so hard and perhaps contains some unpleasant 
substance, so that the termites will not chew into it. 

Dr. A. G. Mayer has told the writer that he has observed the 
natives of Tahiti and other South Sea Islands using the red extract 
from the cortex regions in making a dye, while Schimper, in Engler 
and Prantl, records the observance of the custom of these same 
natives and those of the Malay Archipelago of using the prop roots 
for making bows. 

Until comparatively recent times there was practised in the 
Florida Keys and to some extent still in Cuba, Porto Rico and other 

G. A. W, Pror^ Linn, Sop., iS6ft EOl-iots. 

L« Maut, E,. Cl J., Traite de Botflniqtic Genfralp iSTtS^ p, 413. 

i»aoc^ AMES. pca. vol. Lvr. hr, 
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West Indian Islands tLe manufacture of charcoal from mangrove 
wood. On the Marquesas atoll there arc now remnants of old char¬ 
coal burners' huts. The ha.di dense quality of the wood and the 
plentiful supply at hand stinmlated the uidustiy in the days when 
charcoal was used more largely as a fuel, mangrove charcoal being 
of a v^ry good quality^ 

As noted before the ntain applteation of the mangrove to man^s 
wants has been for ages Its utilization as a source of tannic add. 
This is still carded on in a fairly large scale and there are several 
places in Florida in vi^hich there are factories for the manufacture 
of tannic acid from mangrove hark. Mr. Mills ftas told tlie writer 
of a factory at Charleroi^ Fla.p which produced large quantities of 
tannic add from the bark. 

The latest use of the mangrove in a practical w^y and one of 
which the imter has personal knowledge is the use of these trees 
as ballast retainers. This has been effectively demonstrated by the 
Florida East Coast Railway which has used the peetdiar habit of 
the mangrove to advantage in their great feat of engineerifigt viz., 
the Oversea extension. .At certain places thesrp keys are con¬ 
nected by embankments supporting the road bed or where the bed 
is built high over a loW| flat key the mangroves have been planted 
to prevent the erosive action of the sea on the ballast* This has 
been of greatest importance to the railroad and has protected the 
dykes just as the mangroves naturally sown have formed and pro¬ 
tected young islands. Still more recently the writer has been of some 
Small sen*ice to a large asphalt company concerning thefr engineer¬ 
ing projects in Venezuela in which it is proposed to plant Rhizo- 
plwra nmttglc along the dykes and jetties, etc-p as a ballast retainer. 
ThiSp it is hoped, will prove as efficient as the plantings of the 
Florida East Coast Raihvay have been in aiding the engineer in the 
tropics. 

SUMMAEY, 

t. The historical references to the tnangrov'cs arc well authenti¬ 
cated and fall into three periods, viz^^ the classical references from 
Ncarchus (^5 B.C.) and Theophrastus to Arrian (136 A.D.) ■ the 
Middle Age and later references from Abon H Abbas en-Nebaty 
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(1250) to Catcsby (1731) and tho references in the taxonomic and 
systematic writers from Linnaus (1736) to the present. The allu¬ 
sions to mangroves in the writings of the first two periods are 
mainly quaint and Interesting descriptions by travellers, explorers 
and voyagers, while those of the last period are largely systematic. 

2 . In the morphology' of the root, a study of the cortex cells of 
the Submerged absorptive roots showed the thickenings or ** ver- 
dickungsleisten ^ of Wanning to be really an artefact brought about 
by a slight shrinkage of the walls of tlie delicate transfusion, cells, 
w{iich are lightly connected with each other, 

3. The mechanical arrangement for the shedding of the pollen 
from the multilocubr anthers consists of two systems of ccUs in the 
anther, the thin cxothecial cells forming outer deciduous flaps, and 
the heavily reinforced cells of the expanded connective area, which 
have hitherto been overlooked. Dehiscence occurs by a rupture 
along a definite Jiiie due to the strain on the exotliecial cells produced 
by their shrinkage and the resistance offered by the reinforced cells, 

4. A conception of the endosperm is here maintained in agree¬ 
ment with that of Haberlandt, viz., that it functions as a placental 
organ rather than as reserve material. 

5. By experiment the growth rate of emerging hypocotyls is 
seen to be 4.7 centimeters in 34 days in Florida. 

6 . In specially concentrated media a high mortality of seedlings 
is shown to be due to the increased hydrogen ion concentration in 
HjS mud cultures I and in cultures of I40 per cent, hyperconcentratcd 
sea water the mortality is due to the difiiaiity of absorption and 
retarded metabolism. 

7. The transpiration rate records of this work show, first, for 
the moist soil cultures, the rate of transpiration to be delicately 
balanced with the amount of available moisture in the soil; second, 
the concentration-culture rates show that plants in dilutions above 
35 Ptr cent, sea water, growing in New Jersey soil, transpire more 
rapidly than plants in shell sand; that for cultures in 33 per cent, 
concentration of sen water and fresh water the transpiration is of 
equal rate for either soil and finally that cultures in dilutions under 
35 per cent, transpire more rapidly when growing in shell sand. 
The same balance of relations is seen in the moist soil cultures at a 
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concentration of 88.5 per cent dilution of salt and fresh water. 
An explanation of these phenomena ^eems to be offered In the ex¬ 
periments of Haas on the hydrog^en ion concentration and the be¬ 
havior of sea water on the addition of alka!i. 

S. The rebtions of tatinic add and dextrose in the hypocotyl, as 
deduced from the experiments, show that there is no definite de¬ 
crease in the quantity of tannin with a corresponding increase in the 
amount of dextrose as growth of the seedling progresses. The rela¬ 
tion is constant and in plants of successively large growth a ratio 
exists between the two substances approximating % to 1 per unit 
increase. A series of tests for the enzyme, tamiasej showed this 
enzyme to be absent, thus tending to coafirm the view that the 
tannin in the hypocolyl i$ not a reserve food. 

10+ It is set forth that the red irtangrove is facultative in its 
growtli, regarding salinity of ivater and inshore and offshore situa¬ 
tions, as $howm in a comparative study and measurements of leaf 
sections, 

10. It is set forth that the red mangrove is facultative in its 
physiologic relations to fresh and salt water, but that it needs salt 
W'^ater for its optimum development and that there is a correlation 
between the height and abundance of trees and the salinity of the 
water in ivhich they grow. By experimental methods it was de^ 
termined that the condition of the trees and their distribution in 
estuaries depends on the presence of top and bottom layers of fresh 
and salt water moving m opposite directions. 

11. Finally, by means, of daia secured from various sources it 
IS shown that the red mangrove may be regarded as a planl of 
economic importance, noi only as a source of taonic acid add char¬ 
coal, but also as a baHast-retaining plant in tropical coastal engi¬ 
neering work. 


EIGHTEEN NEW SPECIES OF FISHES FROM 
NORTHWESTERN SOUTH AMERICA.’ 


Bv CARL H. EIGEINUANN. 

{Read Oetobef 

In preparing a monograph on the fresh-water fishes of the 
northwestern corner of South Americap the region west of the 
Andes from Pern to Pananta, the species described in this paper 
were fonnd to be new. Other preliminary^ accounts of new specie$ 
from the same region have been described in Indira University 
Studies, Nos. i6, iS, ig, 20. 23, 24 and 23, and in articles No. V,. 
VL, Vll,^ and IX, of the Anmls of ihe C^m^gie Mmeurn^ VoK Xp 

The specimens were collected by Manuel Gonzales, Charles 
Wilson, Arthur Henn and myself, 

Manuel Gonzales collected in part under the auspices of Indiana 
University* and in part under the joint auspices of Indiana Um- 
versity and the Carnegie Museum. He collected for Indiana Uni¬ 
versity in the lower levels of Ehe Magdalena Basin at and near 
Puerto Berrio and at Apulo. Also, along the route from Bogota 
to Villavicendo and Barrigona, on the Lfeta River^ largely at 
Villavicencio and Barrigona. He collected for Indiana University 
and ihc Carnegie Aluscum along the routes from Honda on the 
Magdalena River eastward to Facalativa, from Bc^ta north to 
Mogotes in the Prod nee of Santander and easttvard from Bogota 
along the route to Vilkviccncio. Along these routes he secured an 
unequalled collection of fishes from the mountain rivulets of the 
easiest Andes, both on the eastern and western slope. 

Messrs. Wilson and Henn eoUeeted under the auspices of 
Indiana University chiefly through the generosity of Mn Hugh 
McK. l^don, of Indianapolis, assisted also by Mr, Carl G. Fisher 
of Indianapolis. 

* Contribviion from die Zooloeical Laboratory of iTidiana Universityp 
Mo, i6d; 
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Mr. Charles Wilson accompanied Mr, Arthur Hcnn to the 
Patia River of southern Colombia, later ascended the San Juan 
River cmptj'ing into the Pacific Ocean just north of Huenaventura, 
crossed over the divide and descended the .Atrato River to its mouth. 
Mr. .Arthur Hern went with Mr. Wilson to the Patia River; after 
separatini; from Wilson he collected in the lower San Juan Basin, 
in Colombia, about Puerto Viej*o, Ecuador, the lower Guayaquil 
Basin, Ecuador, and along the line from Guayaquil to Quito and 
northw ard to the upper Patia Basm in Colombia. 

My own collecting was done along the line from Cnrtagena to 
Bogota, from Bogota to Buenaventura, up the San Juan River to 
Istmina and down the Atrato to its mouth. Detailed accounts of 
these trips will he published with the monograph mentioned above. 

The letter “I,” after the catalogue number indicates that the 
specimens are in the collections of Indiana University, *'C." indi* 
cates the collections of the Carnegie Museum at Pittsburgh. 

.ASTSOBLEflD^. 

t. Astroblepus latidens spec. nov. 

This species is similar to A, trifa^clatits from the Rb Dagua. 
It is, as far as known, found only on the eastern slope of the east¬ 
ern Andes of Colombia. AM the specimens recorded below are 
from along the route between Bogota and Villavicencio and Bar- 
rtgona, and were egiketed by Manuel Gonzales and under his direc- 
Eon. This species ranges through the same gamut of color as A. 
trifasciatns, some specimens having conspicuous cross bands, others 
being uniform m color. The adults are readily distinguished from 
A. trifoscsauts by the very broad teeth in the outer row of the 
prcni^xinar>\ a difiF^renct not evi{knt in the youngs 
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Head 3.5 [ depth 5. Adipose fin con&isting of a fleshy spine and 
an insignificant membrane. Dorsal and pceloral spines produced^ 
if at all, by not over a millimeter beyond the rest of the rays; both 
lips very broad \ outer teeth of the premaxillary of the adults ebisel- 
shaped, broad tippedp the middle pair or iwo middle pairs sometimes 
bifid, about seven teeth on each premaxillaryj teeth in the young 
much more slender; maxillary barbel usually not extending beyond 
the posterior nrsrgin of the lip* sometimes falling considerably short 
of that pointp extending beyond the margin only in some of the 
largest specimens from Perdizes and Fosco; nasal flap shorty not 
continued as a barbel; pectorals reaching a little beyond origin of 
ventrals; pectoral spine equal to the length of the head less the por¬ 
tion in front of die nares; ventrals inserted under the origin of the 
dorsalp extending little if any more than half way to the anal; anus 
usually about half way between dps of venlrals and origin of the 
anaJ, very' rarely reached by the ventralsj dorsal spine a little shorter 
than pectoral spine, the mys graduate or coterminal; mterocular 
space less than the distance from the eyes to the posterior nares, 
4-5 in the length of the head; distance between tip of snout and 
dorsal 2.25-2.5 in the length; anal membranes in the male uniform, 
Or tlie first two membranes a little wider; a light spot covering adi¬ 
pose spine and its membrnnep sometimes a fight bar at this point as 
in unifasdatus; body uniform dark or obscurely spotted; base of 
caudal and a distal bar or some distal spots dark, sometimes uni¬ 
form; dorsal and pectoral sometimes with dark markings. 

2. Astreblepus eyclopus santande reacts var^ nov. 
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These specimcits were aJI collected hy Matiue] Gonzales in 
Santander, Colombia, in tributaries of the Rio Suarez at an eleva¬ 
tion of from i,oot>-2/MO M. They agree in all essential respects 
with unifasciattts. They differ uniformly, but not alwavs greatly 
in has'ing the thin membrane of the adipose oblique from the tip of 
the spine to the most posterior point of its attached base. This is 
^racteristic of even the smallest spedmens from Suescum. but 
in the three specimens from Callejona the membrane is truncate 
as Id A, anifoirciatHs. In color they approach A. onentaliSf there 
being conspicuous, irregular, sometimes confluent spots on a light 
background, usually there is a baud across the body in the region 
of the adipose fin. The ventrals extend to or even beyond the anus 
in the very small individuals but usually fall short of it in the 
larger. 


3. Aslroblepus freuatus spec. nov. 

Among many specimens of Astrablepus taicrtsccns from San¬ 
tander there is one that probably represents another species, 

7380 C., type, a female 43 mm. Quebrada de San Joaquin, San¬ 
tander. Gonzales, 

Head 3 -^a» D- f ^ A, 7 ^ interocular less than distance between 
eye and nostril. 4.5 in the length of the head; nasal flap moderate; 
barbel not extending beyond the posterior margin of the lip: 
pectoral rays extending considerably beyond the base of the ventrals, 
the outer rays to almost its middle; origin of ventrals just in ad¬ 
vance of the dorsal my, reaching not quite to the anus, which is ,75 
of the distance from the origin of the ventrals to the anal: anal 
obliquely truncate, not reaching the caudal; caudal symmetrically 
lunate, the outer rays slightly produced; adipose fin a very low 
fold, with a minute spiniferous spine, evident externally through 
Its spinules, which project beyond the margin of the fin; dorsal 
spine equal to head less region in front of narcs, the rays all cotcr- 
mmous when the fin is depress^; dUtance of dorsal from snout 
a ut 2.3 in the length; premaxillary with one bicuspid tooth, the 
rest all pointed. A dark streak from eye to base of barbels; sides 
with a few large spots; a light bar down from behind the spine of 
the adipose; base of caudal and two rows of spots dark. 
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4, Astroblepus grixalvil nucresceas var. nov. 

The following specimens came from the wesEem slope of the 
eastein Andes, north of Bogota. They were collected by Manuel 
Gonzales. 
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This variety greatly resembles A. umfaschttfs and vi. orientalis; 
it differs from the former in the nature of the adipose fin, and from 
the Utter at least in the length of the pectorals and vcntrals. 

Head 3.75-4; D, I, 6 ; A. 7; internKular 4-4.5 in the head, 
slightly less than the distance between posterior nares and eye: 
nasal flap broad, its outer angle slightly produced or not; barbel 
about reaching the gill-opentng, sotnetimes falling a little short and 
sometimes extending a little beyond; pectorals broad, the divided rays 
fan-shaped, extending about to the ventrals, the outer ray reaching 
almost to the second third of the ventrals; ventrals lanceolate, their 
origin under the first dorsal ray; the outer ray reaching nearly to or 
beyond the anus, which is two thirds to three fourths the distance 
from the origin of the ventrals to the anal; anal obliquely truncate, 
the anterior ray always extending beyond the folloiving one in the 
female; the first and second membranes in the male very ivide, the 
third, fourth and fifth rays close together and extending beyond the 
first two and the last two, not neat reaching the caudal; caudal 
symmetrically cniarginate, the outer rays prolonged' adipose fin in 
the young an adnatc or subadnate spiniferous spine, with age a 
dermal ridge develops in which the spine disappears or is retained 
as a non-spiniferous stay. (The process docs not take place at the 
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same rate in all specimens so that in two specimens of the same size, 
one may have aij apparent spine while in the other it may he hidelen. 
The smaller ones in which the spine is especially well developed may 
not be distinguishable from A. n«i/archi(Mj.) Dorsal spine very 
slightly, if at all. produced, almost two thirds the length of the 
head; distance betw'ccn snout and dorsal 2.66-2.75 in the length; 
teeth of the premaxillary all single pointed, or one or two pairs 
bicuspid. Sides variously spotted, a V-shaped light area in front 
of the dorsal, frequently a l^r across the sides below the adipose as 
in A, unlfaxiatus; base of caudal and one or two rows of spots 
parallel with the margin. 

The paratypes differ but little from each other, and the speci¬ 
mens from the Ducho are very similar to them. 


LoatCABim^t. 

5. Herafancistms Wilsoni spec. nov. 

For Mr. Charles V ilson vrho made large collections in the Rio 
Truando, a tributary of the Rio Atrato, 

7570 C; 13921 I,, eight, 90-133 mm. Truando. Wilson. This 
largest the type. Similar to H. liolifstktus from the San 
Juan. 

Head 3 “ 3 ' 2 S> depth 4 - 5 “Sp 7 \ A. I, 4; 27 scutes, six or 

seven between the dorsals, 11+3 between the anal and caudal; 
depth at tip of occipital equals snout and half the eye; width above 
base of pectoral almost equal to length of the head; mandible 3-3.6 
m the raterorbital; eye 4.23 in snout, 3 in interorbital. 7 in the bead ? 
interorbital with 3 minute spines or none. 

Occipital with a high keel, median plate behind it feebly bicart- 
date, plates of the sides well carinate; dorsal spine equal to head and 
two or three scutes behind it, reaching to the adipose spine or the 
plate m front of it, the last ray reaching the spine of the adipose; 
caudal deeply emarginate, the lower lobe considerably longer, 2.2 
in the length, the middle rays about t.4 in the lower; ventral sur¬ 
face in a specimen about 115 mm. long mostly naked, in the larger 
ones grandiose except in a small area in front of the ventral. 
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EviEiywhere covered with round spots^ a double row of about 
twelve ou the anterior dorsal nienibraueSp about five ^rie$ on the 
last, fewer rows in the smaller ; about twelve series of spots on the 
caudal; In all but one the outer caudal rays spotted. 


6r Psetidancistrus pediculatus spec. nov. 

The following specimens were collected by Manuel Gonzales on 
the eastern slope of the Andes behveen Bogota and the Rio Meta. 


SlTCIMH^fS 
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Head 2.7-3; depth 6.5-7; E>. I, 7 in five, I, 8 in forty-six, I, 9 m 
tw^o; A. I, 4; scutes usually 25^ rarely 24 or 26; eye about 6 in 
snout, 10 in head, a little over 3 in the interorbital; ramus of lower 
jaw about equal to the intcrorbital; interoperde with two principal 
spines, the longer .6 of the head, extending much beyond the head; 
sometimes 4 or 5 graduated spines follow each other, besides these 
there is with age, an increasir^ number of smaller spines about the 
edge or below the hispid portion of the interopercle; snout with 
many bristles in the male, short spines from the eyes forward, 
around the nares and forward along the middle to the snout; dorsal 
spine equal to the snout or shorter, the last ray reaching the adipose 
spine or the second scute In front of it; caudal very obliquely emar^ 
ginate, the lower ray 3.33 in the length; pectoral reaching tip or 
middle of vcntrals. 

Back and sides with faint spots; dor$a] and caudal with numer¬ 
ous spots on the rays» more rarely uniform; ventrals and pectorals 
more faintly spotted. 
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7- Andstnis triradiatiis spec, nov. 
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All the specimens were collected by Mumd Gonzales at the 
base of the Andes east of Bogota, 

Head 2,6-2.75; depth 6.5; D. 1 . 7; A, I, 3; scutes 24 or 25, 
4+1 or a in front of the adipose, 9-11+3 between anal and 
caudal; eye 7-9 in head. 3-5 in mterorbitaJ. 3 in snout; uridth of 
head abont 1.25 in its length; mandibular ramus 1.8-2.33 in the 
mterorbital; fnteroperde with 15-20 or more spines; tentacles 
profuse, fully developed in a specimen 78 mm. long, consisting in 
the male of a row along the margin of the snout and up the sides 
of the head in front of the preopercle and the usual Y-shaped series 
on the snout; the snout very narrowly naked iu the female; dorsal 
reaching plate in front of adipose spine, its base equal to its distance 
from some part of the adipose spine, pectoral spine in the mate 
reaching to the second third of tl»e vcntrals; depth of caudal 
peduncle about 2,5 in its length. Caudal rounded, more obliquely 
so in young than in adult. 

Color of the type; body including head and belly, with faint, 
roundish, light spots; dorsal with about five series of comma-shaped 
black spots m broken scries lengthwise of the fin; caudal with simi¬ 
lar but shorter spots which merge into two continuous bars at the 
base: pectorals and ventrals with similar but larger spots, those of 
successive rays alternating, outer angles of caudal light. Tq other 
specimens sometimes the tip of the first two dorsal rays, and in the 
young the margin of the caudal light, the markings on the fins con¬ 
fined to the rays. Ventral surface in the small specimens plain. 
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8. Chstostomus leucomelas spec. nov. 

13652 I.; 7340 C,, three, 116-143 mni.t the largest the type. Rio 
Patia, halfway between tlie Rios Magui and Telembi. April 
5 and 6, 1913. Heim. 

Head 3.33-3,5; depth 6-6.5; D, I, 8 in tivo, I, g in one; A. I, 5; 
scutes 24™-5; cyt 2.5 in the interorbJtal, which Is 3 in the head; 
depth of the head 2 in its length, its width about .S of its length; 
interopercle with 3-5 strong, recurved, graduate spines; dorsal spine 
about .8 as long as head, base of dorsal equal to its distance from the 
middle of the adipose spine; caudal deeply emarginatc, the lower 
lobe longest; depth of caudal peduncle 3 in its length. 

Back and sides light olive, faintly mottled. All fins but the anal 
with light bands across the rays, the membranes hyaline, margin O'f 
caudal light. The contrast betivcen light and dark bars strongest 
on dorsal and caudal. Ko spot on the second membrane of the 
dorsal in one of the specimens; a spot on the base of the second 
membrane of the dorsal in two of the specimens. 

hlUGILIDiS, 

9. Jotums dagute spec, nov. 

745S C, type, 195 mm.; 7459 C. ? 13846 1 ., pamtypes, five, 167-335 
mm. Rio Dagua at Caldas, Colombia, Eigenmann. 

Head 4.1; depth 3.5; D. IV- 1 , S’; Ill, g; scales 44-46, 13 or 
14 between dorsal and anal; eye 5 in the head; mierorhital 2.5; 
snout 3.35-4; snout conical, the maxillary reaching to the anterior 
margin of the eye; teeth of the upper jaw mostly bicuspid, more 
rarely tricuspid or unicuspid, a series of larger pointed teeth from 
an anterior row in some specimens; teeth in the lower jaw mostly 
unicusptd, a few bicuspid; snout conical, length of the mouth about 
1,5 in its width; scales decreasing in size forward on the head but 
without supplemental scales; no accessory scales on the body ; pre- 
orbital serrate on its posterior edge and on the posterior part of the 
lower edge; upper lip verj- broad In front, forming the tip of the 
snout; spinous dorsal naked, a few scales on the base of the mein- 
branes of the soft dorsal, caudal and anterior part of the anal; gill- 
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membranes free from each other to below the posterior margin of 
the eye; pectoral live se%'cnths to three fourths as long as the head, 
not reaching to the dorsal; first dorsal spine a little over halt the 
length of the head, reaching to the tip of the second spine when 
depressed, the third spine not reaching the iTp of the secoitt] and 
the fourth not to the tip of the third; a dark spot on base of caudal, 
and another on base of the pectoral; an ilhdefiocd lateral band; 
dorsal spines and a streak on the membranes dark; dorsal duskv. 

This species greatly resembles AgoHostemus mottlicola which 
has a narrower and longer snout. 

Stolep[ior[d.e. 

ro. Stolephorus hranchioiiielas spec, nov, 

749* C., type, 6S min.; 749^ C.; 13375 p^ratypes, three, largest 
S4 mm. Mouth of Rio Oagua. Eigeninano, 

13880 L, ten, latgest S3 mon Tumaco? Henti & Wilson? 

Head 3.33; depth 4? D- M; A, 39 or 30; eye 3.5 in the head, .5 
in snout; teeth very minute; maxillary not quite reaching gill- 
openings; gill-rakers about two thirds as long as the eye, 55 on the 
upper, 70 on the lower part of the arch; origin of dorsal equidistant 
from anterior margin of eye and caudal; caudal lobes equal ■ a sil¬ 
very band, well defined between dorsal and anal, diffuse in front 
and behind; inner face of mandible dark, darkest near sy'mphysisj 
inner lining of shoulder girdle black; gill-filaments with black 
chromatophores; tips of caudal dusky. 

ScijEKid,e, 

u, Stellffer raelamocbeir spec, nov, 

7520 c., type, 130 nun, Tumaco. Henn & Wilson, 

Head 3,44; depth 3.1; D. XI, 23: A. II, 8; scales from middle 
of back in front of dorsal to lateral line 7, from lateral line to vent 
10; 50 pores to origin of caudal rays; eye about 4 in the head, inter- 
orbital 2,5, snout 4.5; maxillary-premaxillary border 1,8. 

Mouth oblique, lower jaw included, the premaxillary on a level 
with the lower edge of the pupil; iotcrorbital slightly convex, chin 
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with a small knob, the pores evident; teeth in two irregular series, 
the outer series of the upper jaw and the inner series of the lower 
jaw* enlarged. Gill-rakers 15 or 16 in upper, 25 or 26 in lower arch 
(21 + 27 in 5 . flJoVanr), preopercular spines strong, the upper di¬ 
rected backward, the low'er downw'ard and backward; first and sec¬ 
ond dorsal spines strong, pungent; second dorsal spine nearly half 
the length of the head; tenth dorsal spine shortest, the third to the 
seventh spines weak, flexible, the rest becoming strong pungent, the 
third dorsal spine higher than any of the rays; second anal spine 
1,17 in the length of the head, its tip reaching tip of fourth anal 
ray; caudal narrowly rounded, its middle rays equal to the length 
of the head; pectorals reaching to above the first anal spine, the 
ventrals to the vent; caudal, soft dorsal and anal scaled to near the 
tip: a row of scales along the back of the dorsal spines to near the 
tip. Caudal, soft dorsal and all but part of last three anal rays 
densely punctate; upper surface of first two ventral rays less densely 
punctate; spinous dorsal and all but lowest rays of the pectorals 
nearly black, much darker than the other fins. Scales of sides and 
back with punctulatlons forming faint streaks, oblique between the 
lateral line and the spinous dorsal, horizontal elsewhere. 

H^MULiaat, 

12 . Pomadasys sinuosns spec, nov. 

Type, 13892 1 ., 161 mm. Patia, between Magui and Telembi. 

Heiin. 

Head 3; depth 3,3; D. XIII, 12; Ill, S; 51 pores in the lateral 
line to the base of the caudal, 12 pores on the caudal; eye 44 in the 
head, snout 3,1, bony intcrorbltal 7, interocular 5, preorbital 7,3, 
Profile sinuous, slightly depressed in front of the dorsal and over 
the eye; snout pointed, the niasillary reaching just to the anterior 
margin of the eye; teeth iii broad bands, the outer series of both 
jaw's a little enlarged! spine at angle of preopercle broad, flat; gill- 
rakers in both arches 17, the lower four or five rudimentary, the 
upper three rapidly graduate; pectoral short, not near reaching 
vent, 1,7 in the head; fourth dorsal spine highest, 2 in the head, the 
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highest ray .84 of the highest spine, length of the base of soft dorsal 
a,15 in the base of the spinous dorsal; second anal spine 14 in tlie 
head; soft dorsal naked, first two membranes of the soft anal 
naked, the third to the sixth with scales on the basal third. Silvery, 
dorsals dusky. 


GoBIIDjC, 

13. Oomieleotris levis spec, nov. 

13865 I., type, 40 turn,, paraqfpcs 13S66, I.; 74S4 C., twenty-three, 
largest 48 mm. Pools in Buenaventura, Henn, 

^3367 hj one, 43 nun. Rio Calima. Henn. 

Head 3.5; depth 4.5; D. Vll-I, to; A. 10 or it ; scales 34 or 
33 -{- itr eye I in the length of the snout, 4 in the length of the head, 
inter orbital a little greater than the eye. 

Heavy, little compressed except on the caudal peduncle; head 
broad, mouth oblique, the upper hp on a level with the middle of 
the eye, niaxillary reaching just beyond the origin of the eye; teeth 
in narrow hands, those of the outer series of both jaws considerably 
enlarged; gill-rakers S + JS- tlie inner ones of the first arch ega- 
siderably hiavicr, blunt, about one third as long as those along the 
outer edge of the arch; head scaled to in front of the eyes; the 
scales of the head, breast, belly, and those in front of the dorsal 
cycloid, those of the sides with a scries of strong marginal spines; 
spinous dorsal rounded, the middle spines longest, some of the 
spines reaching the soft dorsal in some specimens, usually shorter; 
posterior rays of the soft dorsal somfiiimes reaching caudal, usually 
shorter, the margin of the fin rounded; caudal rounded, about 3.5 
in the head; anal similar to the soft dorsal; ventrals not reaching 
the vent; sides clouded, with indistinct cross-hands forward, be¬ 
coming more distinct on the caudal peduncle; a narrow, faint, dark 
lateral line, most conspicuous in the male; sometimes a. row of dots 
along a row of scales on the lower part of the sides; a dark spot on 
the shoulder ji«t above the base of the pectoral; dorsal nearly uni¬ 
form dusky, without markings. 
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J4, Sicydium Eiildebrandi spec. nov. 

7466 C.^ type, 137 min.; 1385-. K panitype, 114 mm. Cisnero, 
Rio Dagua. Eigen mann. 

Head 5^25; depth 5.5; D. Vl^ 11; A. ii; about 70 scales between 
pectoral and caudal^ about 20 between dorsal and anal; eye 6 m the 
length of the headp interoeular :2.5. 

Head very blunts body cyliodricalp caudal pedunde compressed; 
scales in the middle line extending to a poinl a little in advance of 
the upper angle of the gill-opentng; belly scaled; pectorals large, a 
little longer than head; all but the first dorsal spines produced,^ the 
second, third and fourth of nearly equal extent, reaching the fourth 
to the seventh dorsal ray; dorsal rays Increasing in height to the 
peuulriinate which reaches the caudal and h one third longer than 
the head; anal similar to the dorsal but lowert its origin equi distant 
from eye and ctandal; horizontal teeth of the lower |aw entirely con¬ 
cealed, teeth of the upper jaw truncate. 

Scales of sides gray at margin and with a submarginal dark 
crescent; dorsals dark with numerous light spots, circular near base 
and middle, becoming elongate or vermiform toward the tip; caudal 
and pectoral dusky; anal dusky with a darker border. 

Named for Mr_ S. F. Hilddirand, in recognition of his work 
with the fresh'water fishes of Panama, and for his discovery of 
several new genera of Gobiid^ in Panama. 

15. Gobius (Ctenogebius) dagus spec. nov. 

74S1 C.. 90 nun, to base of caudal about 133 to end of caudal 

para types, 74S2 C.; 13S63 I., three^ 65-103 mm. Mouth of 
Rio Dagua. Eigenmann. 

Allied to boteasoma and cficffOMtwr. 

Head 4-4.^; depth 5.23-6; D, Vl-'l, 12; A. I, 12; scales 31-34; 
eye 4 in the head, ioterocular 6, preorbital very lEttle wider than the 
eye; head as well as body compressed; heaviest at the veattals, 
tapering regularly to the caudal, snout very blunt, narrow; width 
of the head but litde, if any more than half its length; depth of the 
head 1,5 in its length; mouth low, terminal, horizontal; lips very 
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thin; upper jaw with juj outer series of fix<^ teeth and a few teeth 
within these near the symphysis; lower jaw with a similar series of 
slightly smaller teeth and several irregular series behind this near 
the symphysis; scales large, ctenoid on the area behind the tips of 
the pectorals, eyctoid, smaller and less regularly arranged above the 
pectoral; nape, r^|ian in front of the dorsal, and region above the 
gill-openings naked. Pectorals and vcntrals nearly coextensive, a 
little shorter than the head; dorsal spines curved, prolonged in 
filaments, reaching to the base of the fourth ray; the first, second or 
third longest; soft dorsal reaching to or beyond the origin of the 
caudal; caudal very long, pointed, 2-2.5 in the length; ana! similar 
and nearly coextensive with the dorsal. 

A conspicuous black spot on the upper part of the pectoral; sides 
with five to eight dull spots, the alternate ones smaller, the last at 
the base of the caudal; spinous dorsal and lower part of soft dorsal 
with horizontal dark streaks; middle or upper part of caudal with 
faint cross bars; vcntrals dusky; pectoral and anal light. 

16. Awaous decemliueatus spec. nov. 


SpCCIMENS £xAkl?4ED, 





XMailtT 

ColiKliir... 

74T& C.K _ 

1., C .. ... 

T., C 

1 *‘^1 

\ 

1 

5Q 

innwHiiir 

QuiMo. 

1 Pucftio del HEo 

Bifeankann. 

Gwtftlefc 


Mead 3-33 r depth j VI— 1^, 9 or 10 { A. I, jo; scales 57—14 ; 

eye a little over 5 in the head; equal to the interoctilar; maxillary 
reaching to IkIow middle of the eye; snout nearly 3 in the head; 
mouth wide, its width equals the postorbital part of the head: teeth 
of the lower jaw of the tj-pe consisting of a series of small, more 
or less movable ones in an outer row and four strong, fecur\'cd, 
xed teeth m an inner series, near the symphysis, not parallel with 
the outer senes, and one or two similar teeth on the side of the jaw 
remote from the rest of the inner series and opposite the end of the 
outer series; upper jaw with a series of about seven strong, widely 
spaced, recurved teeth (16 in the young) • fifth dorsal spine reach- 
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ipg the fourth ray; the last rays reaching the caudal; caudal nar¬ 
rowly rounded, equal to the length of the head; tip of anal just 
reaching the caudal. 

Ten narrow cross lines on the body, the posterior ones Y-shaped 
the upper branches of the Y in contact; a small dark spot at the 
base of the caudal; two dark lines fmm the eye fonvard to the edge 
of the preorbital; an oblique black band from the Erst to the second 
dorsal spine in the second or third fourth of their height; dorsal 
faintly barred; upper three fifths of the caudal conspicuously barred 
by lines that become more wavy and less distinct toward the dp of 
the fin ; lower portion of caudat plain. 

Easily disinguished from the other species of the genus by its 
narrow cross lines. In the smaller specimens the teeth of the lower 
jaw me less differentiated. The outer row of sixteen to twenty 
teeth are slightly larger at the outer edge of the row, the inner row 
consists of ten teeth in a series nearly parallel to the proximal half 
of the outer row, 

Characid.r. 

ry. Brycoa ecdadoriensis Eigenmann & Hcnn, spec, nov, 

13+70 I., type. 245 mm. from tip of snout to end of lower caudal 
lobe, 201 to end of scales on middle of caudal Rio Barranca 
Alta from Naranjito, Ecuador, Heim. 

Head 3.6; depth 3.3; D, 11; A, III, 29.5; scales 9-56-4 to ven- 
trals: eye about 4.1; base of anal equals length of head. 

Preveniral area rounded, postventral area compressed, not 
keeled; predorsa! area very bluntly keeled; occipital process about 
8 in the length from its base to the caudal; intcroihital moderately 
convex; snout rounded; frontal fontanel about one third as long 
as the parietal; cheeks with an exceedingly narrow naked margin ; 
premaxillary with 6 teeth in the outer series of one side, 7 in the 
other side: five teeth in the inner series; tiiree teeth in a row from 
the second tooth of the outer to the third of the inner series, a tooth 
between the first of the outer and the second of the inner series; 14 
teeth in the ma.xillaiy' to near its tip, the anterior ones which form 
a continuous series with the inner series of the premaxillary largest; 
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maodibubr teeth slightly graduate in height from the third to the 
first, the second tooth being the widest; the three first teeth of the 
two mandibles fortnitig a compact series in an open crescent; fourth 
tooth slightly recurved, much smaller than the third, the remaining 
two teeth quite small (on the left side there is an abnormal gap 
between the third and fourth teeth) ; the inner series of teeth begins 
just within the last tooth of the outer series and consists of four 
teeth; symphysial tooth small; maximum width between front and 
rear series about S mm. 

Gill-rakers l) -h * 4 t the longest 5 iti®.; longest gill filament 
ti mm. 

Origin of dorsal 102 nim. from tip of snout, to6 from end of 
scales at base of middle caudal rays; exposed portion of longest 
upper caudal ray 47 mm., of longest lower ray 51 mm. First de¬ 
veloped anal ray equidistant with bst dorsal ray from the cud of 
the scales of the middle caudal rays; first rudimentary ray 12S mm. 
from tip of snout; origin of ventrals 95 mm. from tip of snout; 
pectoral Just reaching^ vcntral$. 

Scales on the middle of the sides with as many as ten sub- 
parallel radials, more toward the base of the Lateral line 

faint; a large axillai^ ss^le, 

E)ark on sides and above, with steel blue to bra5$y luslre; fins 
dusky I a large, obscure humeral band ■ a large black spot on caudal 
peduncle, most intense tOTvard its endj, fading out fonvard> con¬ 
tinued on the mcmbraiies of the middle rays to their tip. 

18. Brycon meeki Eigentnann & Hildebrand, spec. uov. 

Many specimens from the Rios San Juan, Dagua, and Patia of 
western Colombia, 

Head 3.8 to 4-55; depth 3 to 3.25; D. 10 or ii; A. 33 to 35; 
scales 12 or 13-^50 to 70-7 or 8. 

Body elongate, compressed; profile slightly concave over eyes* 
elevated at nape; head father small; snout blunt, 3,5 to 3,85 in head; 
eye 2,75 to 4; interorbilal 3,3 to 3,1; mouth moderate; upper jaw 
strongly projecting; rnaxtliary reaching opposite middle of eye, 2.1 
to 24 in head; premaxillary teeth laterally in 3 series, anteriorly 
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in 5 more or less irregular scries, the fourth series consisting of 
ny 2 t«th. fifth or transverse series \v:th 4 teeth; ma^iUary 
teeth small, about 13 m number; mandibular teeth quite strong 8 
Jarge ones and abruptly smaller ones at sides in outer series ;Ll- 
ers moderate 15 or 16 on lower limb of first arch; lateral hne 
omplete, curved downward; scales moderate, regularly pbced 22 

^ T 

TnTh f rows between lateral line 

^ base of pector^; dorsal fin iu advance nf anal, its origin mid- 

latt^ caudal fin forked, the lower lobe the longer; anal fin long. 
Its h^c longer than head; ventral fins usually reaching vent in- 
seried shghtly nearer origin of anal than base of pectorS; pectoral 

Color dark blue above, silveo' below; a conspicuous black 
^in on shoulder girdle; no lateral band; no caudal spot. Some 
speamens with mdistinct vertical dark lines. Fins unmarked. 
XVtamed m honor of th« late Seth E. Meek, 


DESCRIPTIONS OF SIXTEEN NEW SPECIES OF 

PYGIDIID^.^ 


Bv CARL n. EIGENMANN. 

October j* igi?-} 

The Pygidiidat are a farnily of liishes found from southern 
Panama to Fatagonlai and from sea level to the highest Andes. A 
monograph of this family, pretty well illustrated^ is all but com¬ 
pleted but may be delayed in pubKcation. The n^w species and 
genera are here described in advaiice of the publication of the mono¬ 
graph. 

Ecologically this family is one of the most interesting ones of 
South iVinerica. Some of ihe spedes attain considerable econmntc 
importance, especially in the higher altitudes, as on the plains about 
Bogota anti iu Titicaca and other iiigh Andean takes of Peru. 
Others arc minute and live as parasites in the gill-cavities of other 
fishes. The new genus. Branthioica^ belongs to this ecological group. 
Still others attach themselves to other fishes and bathers like leeches, 
making slight abrasions in the skin and swallowing the blood. Still 
others have the e^il reputation of entering the urethra of bathers, 
causing severe complications or even death. The new species 
Vandellia senguinea belongs to this ecological group. 

The specimens were collected in the region and during the ejtpe- 
ditions mentioned in ihc preceding article and by Dr, John Hajse- 
man, who travelled in South America for the Carnegie Museum 
between 1907 and ipto. A map showing his route was published 
in the Jlffwioiri of the Ceriici^fe Vol. VIL* Plate I. Of 

particular interest is the new genus Br^ftchioka^ which lives in the 
gill cavities of other fishes. 

The numbers followed by the letter ** 1 ."' refer to the catalog 

^ Centrlbution fmitt the 2odlDsical Lalioratety of liitlbna Univerjity, 
No. 16. 
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of the Indiana University* thos^ with the letter to the catalog 
of the Camegte Museiim. 

Scleroxema- nov. 

Tjpe^ Scleroncma operctiltilum sp€?c. nov* 

Allied to PygidiunL 

Ventrals nearer snout than caudah outer peeioral rays shortest* 
without a filameuti operele with a long dernial flap; inter opercular 
spines in much more restricted area than in species of Pygidiiim; 
accessory' rays of the caudal inconspicuous; maxi liarj barbel with 
a large osseous base (maxillary bone). Teeth very narrow incisors; 
mouth wide, terminaU 

t. Scleronema operciiUtiim spec* nov. 

7077 Cp t^^pe* 79 mm. 7539 C., paratypes, 3* 65^80 mm. Cacequy, 
Uruguay Basin. Fek I* 1909. Hasem^n. 

Head 5,66; D* 12.5; A. 7.5 counting the rudimentary rays; P. 7; 
eye in anterior half of the head; interocular 5 in the length of the 
head; Avidth of the mouth nearly half the length of the head. 

Nasal barbel short, reaching just beyond posterior nares; maxil* 
lary^ barbel reaching about half-way to the tips of the opercular 
spines, the bony base much longer than the soft filanient; a broads 
free membrane above from near the anterior nares to the tip of the 
osseous base of the barbeh a narrower membrane along the outer 
edge of the base of the barbel; six spines in the main row of the 
interoperde; opercular flap teaching to near base of the last pec¬ 
toral ray; pectoral about as long as the head; origin of ventrals a 
little nearer to the snout than to the base of the middle caudal nivs; 
vcntrals reaching beyond the anus, not quite to the anal* equal to 
the portion of tlie head behind the nasal barbels; origin of anal 
under the antepenultimate dorsal ray> the distance from the base 
of its last ray to the caudal four times in the length; caudal narrow 
and long* equal to the length of the head; its margin slightly oh- 
Jiqudy rounded; origin of dorsal over posterior half of ventrals^ 

— hard; TA=hard Ihrcad in allu&fDEi to die hard h^se 

of the maxillary barhel 
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the diataitce from the ftr^t ray to the caudal i .34 in its distance from 
the snout. 

Middle of sides with a series of famt^ lai^c spots, similar but 
smaller spots along the back. 

:z. Hatcherfa dteombi spec. oov. 

Pygidium atealaium Evennan & Kendall (non Cuv. & Val-)^ Proc. 

tJ. S. Nat. Mus.» XXXI., 1906, p. S6. (Rm Comajo; tributary 
of Lake TrafuL tributar>' to Hio Llmay,) 
iiTio type, 164 mm. Arroyo Comajo. J* W, Titcomb. 

This specimen is one of those tnentioned by Everman and Ken- 
daU. It differs from the areolatujft described by Cuvier and 
Valendcdnes* whose specimen came from Chile, west of the Andes. 
The origin of the dorsal is further back, and its last ray is beyond 
the last ray of the att^L 

Head 6.33; depth 6.5; D. 17.5 (3 + 14 - 5 ) i A. 9.5 counting the 
minute imbedded rays in each case; P. 9; front margin of the eye 
in the middle of the head; interociilar a little over three in the 
length of the head, eye three in the Lntcroctilar^ Teeth very narrow 
chisels; nasal barbel reaching to above first preopercular spines^ 
maxilLary barbel to middle of opercular spines. Pectoral rounded^ 
its first ray not prolonged, nearly two thirds the length of the head; 
origin of the ventrals equidistant from snout and last fifth of the 
middle caudal raj^; first anal ray under the sixth dorsal ravt the last 
anal ray under the fourth from the last ray of the dorsal; distance 
between anal and caudal 4.75 in the length ; origin of dorsal equi¬ 
distant from tip of caudal and middle of pectorals, its distance from 
the caudal two in its distance from the snout. 

Sides without distinct markings; faint traces of longitudinal 
lines. 


3. Pygidiuni heteradantum spec, nov* 

J3S32 I., type, 83 mm., 5, Rio Mendoza^ Palmira» Argentine^ 900 m- 
Purchased from Rosenberg. 

Palmira is probably the southernmost locality on the eastern 
slope of the Andes from which species of this genus have been 
taken. 
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Head 6, as long as broad; D, 10.5 {4 + 6.5) j A. 7 5 + 5 5 ) * 

9 1 eye in middle of the headp ititerocular 3.5 in the head: teeth 
in three series m each jaw* those of the outer roiv narrow incisors^ 
those of the second row much smaller indsot$„ those of the third 
row conic. Head much depressed* iiiteroperetiLaLr spines nvtmerousi 
thirteen in the last row. 

Nasal barbel extending to the posterior margin of the eje, 
niaxitlar>' barbel to the base of the opercular spines; first pectoral 
ray scarcely produced^ equal to the portion of the head behind the 
posterior fiaresj origin of ventrals midway between operclc and 
eaudah reaching to the vent^ origin oi anal under posterior part of 
the dorsal, the distance between its last ray and the base of the 
middle caudal ray 44 in the length; depth of the caudal peduncle 
2,5 in its length; caudal narrow, eniarginate* a little more than five 
in the length; origin of dorsal midway between the tip of the caudal 
and the occiput, over the tip of the ventrals* its distance from the 
caudal 175 in its distance from the snout. 

A faint lateral hand and obscure spots or marblings. 

4, Pygldium latidens spec, nov* 

13S01 hi 53 mm- Small creek near the mouth of Rio Calima. 

May 7 p 1913. Hcnn. 

Head 5,5; D. 9.5; A. 7.5; P. 7; posterior edge of eye in advance 
of the middle of the head; interocular 3,5 In the h(sd. 

Nasal barbel expending beyond the tips of the opercular spines; 
maxillary barbel extending beyond the axil* longer than the head; 
pectorals broad^ as long as head unlhout snout ; pectoral filauicut 
equal to the distauce from the snout to the axil; ventrals not near 
reaching anus, their origin equidistant from the base of the middle 
caudal rays and tlic interoperde; origin of anal about under middle 
of the dorsal, distance bet^veen base of the last ray and the middle 
caudal rays five and one half in the length; caudal rounded, about 
six in the length: accessory rays well developed: origin of dorsal 
over anusp its distance from the middle caudal rays two in its dis¬ 
tance from the snout; gilbmembrane free to below the anterior 
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spine of tJ« inieropercle, without a free menibranc across isthmus; 
both jaws with two series of thiii, chisel-shaped teeth. 

Color plain, without spots or stripes, 

5* Pygiditim met£ spec, nov, 

'3770 I'f VP'^i 78 mm. Barrigoiia. March, 1914, Manuel Gon¬ 
zales. 

Head 6.3 in the length; D. 10,5; A. 9.5 counting the rudimentary 
rays; P. 6 ; width of head nearly equal to its length; eye entirely in 
the anterior half of the hrad, snout 2.75 in the head, interocular 3.5. 
Teeth conic. 

Nasal barbels reaching to tip of opercular spines, niaxillary 
barbel slightly beyond origin of pectorals; pectorals equal to 

the postorbital portion of the head, the first ray with its filament 
equal to the head, origin of ventrals much nearer base of middle 
caudal rays than to tip of pectorals, their rips reaching the anal; 
origin of anal under fourth dorsal ray (second fully developed ray) ; 
the distance betw'cen the base of its last ray and the base of the 
middle caudal rays six times in the Icmgth^ caudal rounded; origin 
of dorsal over tip of ventrals, its distance from the base of the 
middle caudal rays tw’o and two fifths times tp its distance from 
the snout. 

Sides and back densely covered with spots about the size of 
the eye. 


6. Pygidium straminium spec, nov. 

All of the Specimens examined were collected by Gonzales in 
Santander, Colombia, 
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Head 4.5-5.33; D. 10.5: A, 8.S-9.5; P. 9; posterior margin of 
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eye in the middle of the head; interorbital three in the length of the 
head; teeth bristlt-lihe in about three series. 

Nasal barbels reaching base of opercular spines or beyond origin 
of pectorals, ina?!illary barbels to lip of opercular spines or axil; 
pectoral filament a little longer or shorter than the length of the 
head, the rays equal to the length of the head without the snout; 
origin of ventrals equidistant from the base of the middle caudal 
rays and a point between the axil and a little in front ol the opercle 
(and the tips of the opercular spines in the type), tips of the ven- 
trals slightly behind the vent; origin of the anal behind the vertical 
from the base of the last dorsal ray or under the posterior half ol 
the dorsal, the distance between the base of the last anal ray and 
the middle caudal rays 4-S“5 th^ length; accessory caudal rays 
very large and numerous; caudal rounded, six and a half in the 
length; origin of dorsal over the origin of the ventrals or but 
slightly behind this point, always nearer the eye than the tip of the 
caudal, sometimes equidistant from tip of snout and tip of caudal, 
its distance from the base of the middle caudal rays one and a hall 
or less in its distance from the snout. 

Uniform straw-colored in alcohol. 

7. Pygidiuin dorsotrintum spec. nov. 

7093 C; 13810 I., four, 18-76 mm., the largest the type. Villavi- 
cendo. Manuel Gonzales. 

Distinguished by the eccentric, dark, lateral band. 

Head 5; D, 13,5 (of which 4 minute); A. 9.5; P. 9; center ol 
eye very little in advance of middle of the head, tnterocular three tn 
the head. Teeth conic. 

Nasal barbels extending to or slightly beyond origin of pectoral; 
maxillary barbel to the axil, equal to the length of the head; pectoral 
filament equal to the length of the head, the longest ray equal to 
the length of the head behind the nasal filament; origin of ventrals 
equidistant from base of middle caudal rays and tip of the inter- 
opercular spines, ventrals nearly reaching the anal; oripn of the 
anal under the last quarter of the dorsal, the distance between the 
base of its bst ray and the base of the middle caudal rays about 4.5 
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in the length; caudal rounded, six and five tenths to seven times in 
the length; the first riidinientary dorsal ray over the base of the 
ventralSi its distance from the base of the middle caudal ray equal 
to its distance from the tip of the opercular spine, 147 in its dis¬ 
tance from the snout. 

A dark band or row of spots from just above the gill-opening 
to the base of the upper caudal lobe; a few spots below the band 
in the front half of the body in the larger specimen. 

This description is based on the two larger specimens, 68 and 77 
mm. long. The two smaller specimens, 18 and mm, lotig^ are 
uniform in color, 

8 . Pygidium latistnatura spec. nov. 

7450 C-t type, 46 mm. Quebrada de Pinchote, Santander- Gonzales. 

Head B mm„ length to base of caudal 39 mm.; width of head 6 
mm., intcrocular 2.5 mm., eye a little in front of the middle of the 
head; distance from snout to origin of dorsal 23 mm,, to its last 
ray 27 mm. ; distance between origin ol dor^l and base of middle 
caudal rays 16 mm., distance from snout to origin of ventrals 22 
mm,, to origin of anal sS mm., distance between base of last anal 
ray and base of middle caudal rays 9 mm*» maxillary barbel 8 miUr, 
nasal barbel 7 mm., length of outer pectoral ray with its filament 8 
and 9 mm,, the divided rays 5 mm., D. 8.5; A. 6.5, not counting the 
imbedded rays in either case - upper caudal rays 8 mm.; lower caudal 
rays about 6.5 mm. Accessory rays numerous. 

A lateral bjmd from above the operde to the middle of the 
caudal, increasing in width backward; mid-dorsal line dark * a dark 
stripe in front of the dorsal beliveen the lateral stripe and the mid- 
dorsal stripe. 


9. Pygidium regani spec. nov. 

timior Regan (now Kner fit Stcindachner), Ann* and 
Mag. Nat. Hist. (8), XIL, 1913, p. 469 (R, Sipi and Rio 
Tamana), 

13772 I., typCp 55 mm. Tado, Rio San Juan. Purchased from 
Rosenberg^ 
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Head 6; D. 10.5; A, 8.5; P. 8; eye in middle of the head, inter* 
orbital 4 in the lenjfth of the head. 

Nasal barbel as long as the head, reaching' beyond axil of 
pectoral i maxillary barbel reaching to near the end of the lower 
pectoral ray, considerably loogicr than the head; outer pectoral ray 
as long as the head; origiii of venirals e^uldlstaiit from base of 
middle caudal ray and tip of operclc, not quite reaching to the vent; 
origin of anal under posterior half of dorsal, the distance from the 
base of the last ray to the middle caudal ray contained five and one 
half times in the length; caudal six times in the length; origin of 
dorsal equidistant from tip of caudal and opercular spines, over pos¬ 
terior third of the ventrals, its distance from the middle caudal ray 
one and four fifths in its distance from the snout. 

A dark streak from opercular spines to middle of caudal; faint 
spots above and below the lateral stripe. 

to. Pygidium iberingi spec. nov. 

Trfc/io»M,vc/criff (boji C & V.) Ribeiro, Arkiv, for 

Sioologt, IV„ No. 19, igoS (Iporanga). 

Tridiomyctcrus dispar (non Tschudy) Ribeiro, Kosmos, V., tgoS, 
and Fauna Brasiliense, IV, {A), tgi2, p. 222 (Rio Iporanga, 
Sao Paulo). 

Habitat, Sao Paulo in coastal streams and Parana Basin. 


Examines. 


NumlMr. 

KiUttber 
od* 5p«incftf% 


LticalUyr 

C^llKfW. 

7PTI 

? 

151-1*0 

Saplna, PftulD. 

FlH$ei7ifiiti, 

IO7&5 I...... 

4 

l04-r6l tbe loTKeit 
the type. 

S^tqsr 

Vim IhcriDf. 


Allied to P. punctatifstiimm from Araguay. 

Head 4.5-5 th® l«nsib: D. 11.5 or 12.5; A. 7.3 or 8,5 counting 
the two rudimentary rays in each case; P. 8; width of head equal 
to its length behlng the nasal barbel; eye m middle of the head, 
interorbital 3.5-4 in the length of the head. Teeth indsors with 
expanded tips, in bands of four or five series. 
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Nasal barbels reaching about to niiddle of tyt* maxillarj- barbel 
to above middle ol opercle; pcetoral rounded* very little longer than 
snout and eye* the first ray not prolonged or with only a trace of a 
projection j distance between origin of veotrals and eye a little 
greater or less than that between origin of ventrak and middle 
caudal rays; the ventrals equal to the snout in the length, not nearly 
reaching %*Eat* nearly half w-ay to anal; origin of anal on or behind 
the vertical from the base of the last dorsal raj; dUtance between 
bases of last anal ray and middle caudal rays five or a little over 
five in die length; caudal slightly rounded, seven to seven and a half 
in the length; dorsal low and long, the distance between its origin 
and the base of the middle caudal ray about one and a third in its 
distance from the snout, its first ray over posterior half of the 
ventTaJs+ 

Sides and back with nuiuercius spots, smallest over peclorabj 
largest over anal, rarely coalescent. 

II. Pygidium paolence spec. noVn 

}Tfrichomycienis pr^ops Ribeiro, Fauna Brasiliensc, IV* f /f), 1912, 

p. 221 (Ribeiro dc Iguape)* , 

Habitat, Sm Paulo in the Parana Basin and ( ?) in coastal 
streams. 

70S1 C^, t^'pe* 68 mm. Alto da Serra, Rio Tiete^ Sao Paulo. July 
35* Haseman* 

7J17 C.p ten. 25-27 mm- Mog>^ das Cruces, Rio Tide. Hasemau, 
may belong to this speeJes. 

Head 6; D, 8.5» A. 6.5 not counting hidden rudiments; P* 6; 
head nearly as wide a$ long; eye in anterior half of the head, 
greater than their distance from the posterior nares ; snout 2.33 in 
the length of the head, interocnlar 3,5; teeth conic; nasal barbel 
reaching base of opercular spines, maxillary barbel reaching tip 
of opercular spines; outer pectoral ray with its filament equal to 
head behind the posterior nares, the filament extending very little 
beyond the other rays; ventrals nearly reaching anal, iheir origin 
nearer caudal than to tip of pectorals; caudal rounded, six in the 
length; origin o! anal under middle of dorsal, distance between the 
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base of its last ray and the middle caudal ray 5^ m the length; 
orig^in ol dorsal equidistant irom base of middle caudal rajs with 
middle of ventrals, its last ray over the middle of the anal, the dis¬ 
tance between the origin of the dorsal and the base of the middle 
caudal rays two in the distance between dorsal and snout. 

With many faint spots about as large as the eye; a dark streak 
along the middle of the sides, another along the side of the back^ 
and a third along the edge of the belly- 

12, Pygidlitm reinhardti spec, nov, 

yoyS C,, type, 65 mm. Biirmier on the Hio Itabira, a tributary of 
the Rio das Velhas. May 14^ 1908. Haseman. 

Head 6.51 D. 9.5; A. S.5 counting the minute rudimentary' rays in 
both dorsal and anal; P. 6; eye in anterior half of head; interocular 
3 in the head. Teeth conic. 

Nasal barbel nearly as long as the maxillary barbel which reaches 
the edge of the gill-membrane. First pectoral ray with its filament 
equal to the length of the head, much longer than the divided rays; 
ventrals reaching beyond the vent^ their origin very Httlc nearer tip 
of pectorals than base of middle caudal rays; origin of anal under 
middle of dorsal; distance between the base o£ the last anal ray 
and the middle caudal rays five and a half in the length; caudal 
narrow, a little longer than the head, the acccs$OTy rays inconspicu¬ 
ous; origin of dorsal over muidle of ventrals, its distance from the 
middle caudal rays nearly two in its distance from the snout (19 
and 36 mm. respcctivcJy). 

A broad, dark stripe with notched eelges from operde to middle 
of caudal, bordered above and bclaw^ by light bands; an irregular 
series of spots bclo^v the lower light band; a series of small spots 
more or less confluent forming a narrow^ dark stripe above the 
upper light band; back and fins lightly spotted, a short dark bar in 
front of the operclc, a longer one above the middle of prcopcrcle. 

13. Pygidium vermiculatum spec. nov. 

Py^tdium brnsitieftsis Lutken) Ribeiro (part), Fauna Bra- 

siliense, IV. (A), 191^, p. ^25 (the specimens from Juiz to 
Fora). 
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Habitat, Rio Paiahjba. 

7074 C., type, 131 luTD. Juiz de Fora. June Qp 19 '^p presented by 
Dr, Ribeiro. 

In general appearance like Liitken's figure of brd^iftfniS'u, dif¬ 
fering aotablj' in the position of the ventrals. 

Head 54 in the length; D. 8,5; A. 8.5 counting in each case 
the two mdimentary rays; P. 7; width of the head nearly equal to 
its length; eye in middle of the head, interocular three in the length 
of the head. Teeth conic, in bands. Right nasal barbels reaching 
to above base of tbe opercular spines, maxillarj'barbels of right side 
nearly as long as head, reaching to the second fourth of the pectoral, 
both shorter on left side; pectoral rather narrow, the outer ray 
much prolonged, as long as head behind the nasal barbel, the fin 
without tile fiLament equal to the part of bead behind a point mid¬ 
way between ej-e and posterior nares; origin of ventrals under 
origin of dorsal, equidistant between base of middle caudal rays 
and last third of pectorals, ventrals reaching much beyond vent, 
almost to anal, equal to the snout in length; origin of anal under 
penultimate ray of the dorsal, distance between the base of its last 
ray and the base of the middle caudal ray a little more than five in 
the length; caudal rounded, six and one third in the length; dorsal 
short, rounded, the distance behveen its origin and the base of the 
middle caudal rays one and sixty'-seven hundredths in the distance 
between its origin and tlic snout. 

Sides and back profusely covered with confluent spots which 
leave the light color as irregular vermiculalions. 

14. Pygidium alternfitura spec. nov. 

Pygidhm bmsilietisis Etgenmann & Eigetimann (part), Proe. Cal. 

Acad, Nat. Sci. (2), II,, 1S89, p. 31; id. (part). Occasional 

Papers CaL Acad. Sci., 1 ., 1890, p, 332; Ribeiro (part), Fauna 

Brasiliensis. IV. (A), 1912. p. 223, 

Habitat, Rio Doce. 

Il js probable that the yomg spectmens mentioned by E, & E, 
belong to this species* 

7079 C„ type and paratypes, 67. largest 8l mni. Rio Doce, ^fay 
^ 9 ^^ Haseman. 
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Head 5-5.751 D* io, 5 “ii. 5 ; A. 7.5 or 8-5 counting the nidi- 
mentarj' rays; P. 7 or 8^ eye in middle of the head or slightly fur¬ 
ther forward; interocnilar 3'^3^33 in the length of the head. Teeth 
conie^ in bands. 

Nasal barbel very little shorter than maxillary barbel which 
reaches to the base of the pectoral and is equal to the head in length; 
pectoral rays equal to length of head behind the na^ barbds^ the 
first ray with the hlatnent longer than the hcadj ventrals reaching 
to or just beyond the vent ; origin of ventrals equidistant from base 
of middle caudal rays and a point between the posterior nares and 
the area just behind the eyes; origin of anal under pKJsterior part 
of dorsal; disiance between base of last anal ray and middle caudal 
rays four and one half to five and one third in the length; caudal 
subtruncate or roundedp very'- little longer than head; origin of dorsal 
over posterior half of ventrals ; distance between origin of dorsal 
and base of middle Caudal rays 1*54 in its distance from the snout. 

Ten to fourteen large spots along the middle of the stdes^ an 
irregular series of much smaller ones below it. Large spots above 
the median series^ frequently alternating whh sometimes partly 
cortfluenl into a longitudinal seriesp sometimes forming with a mid¬ 
dorsal series irregular bars across the back. 

15. Yandellia sanguinea spec, nov^ 

708’ typCp 62 mm. San Antonio de Rio Madeira. Nov. 3^ 1909. 

Haseman. 

Head 11.66; depth 12; D. 4+ 8.5; A, 3 + 7; P. 7: nearly the 
entire eye in the anterior half of the head, a little more than lout 
in the lengtJi of the head tg the tip of the opercular spines. 

Maxillary barbel extending to the tip of the interopercular 
spines* two in the head; the lower barbel minutCp only about half 
a millimeter long as compared with the 2.5 mm. of the maxillary 
barbel; two* flat, recurved teeth on the end of the maxillary con¬ 
cealed just in front of the barbel; five premaxillaTy teeth gradu¬ 
ated from the long middle one to the minute lateral ones; the 
mandibles widely separated from each other, each whh about 
five minute teeth; the teeth concealed by the lip; five spines in the 
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main row of the interoperde. the middle ones very strong, directed 
Ittckward, about five spines in supplementary rows; five spines in 
the mam row of the operde, about ten in supplementary rows; dis¬ 
tance between origin of vcntrals and base of middle caudal rays 
tM-D in its distance form the snout; origin of anal behind the origin 
of the dorsal, the last dorsal ray over the middle of the anal dis¬ 
tance between anal and base of middle caudal rays five and five 
tenths in the length; distance between origin of dorsal and base 
of middle caudal rays two and eight tenths in its distance from the 

snout; caudal truncate, with numerous accessory ta«. Translucent 
the eyes black. 


Brattchioica* gen, nov. 

Type Braitchioka Bettoni spec. nov. 

It IS quite possible that this genus will, on direct comparison of 
specimens, prove a synonym of Parazyndeltia. It has the same 
general characters and comes from the lower Paraguav, while 
Faramndeilia comes from the upper. The present species was 
taken from a fish, wliilc Paravaadetlia seems to be free swimming. 
It IS quite possible that teeth will be found in Parotandeftk at the 
end ot the maxillary (premaxillary?) and on the mandibles when 
they are examined minutely; ParavandelHa is said to have the 
caudal forked, while Branchiogaeitm lias it suhtmneatt 

Ko nasal or mental barbels, two barbels at angle of the month 
of which the lower is minute; first pectoral ray not spinous, not pro¬ 
longed in a filament; gill-openiugs small, the membrane perfectly 
wnfluent with the isthmus; mouth inferior; two series of teeth in 
the front of the upper jaw, a single series of much smaller teeth 
laterad of these; maxillary with claw-like teeth at its end just in 
from of the barbel and entirely concealed; two short series of 
teeth on the ends of the mandibles, opposite the lateral series of 
teeth of the upper jaw; opercular and interopcrcular patches of 
spines separate from eacli other; caudal suhtruncate. 

= a place to live in. 
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i6. BraJichioicft Bertoni* spec. nov. 

1395^ type, 24 mm., paraly’pe about the same length over aJI, 
much curved. Talven from a large Characin. Piaractus 
brachypamus (Cuvfer). Asuncion, Paraguay. Collected by 
A, de W. Bertoni. 

Head about 5.5; depth 5.5; D. 10; A. 7; P. 6; eyes superior, 
nearly the entire eye in the anterior half of the head, 3.5 in the 
head, about equal to the length of the snout, considerably larger than 
the intenorbital; maxillary barbel extending to very near the inter- 
opercular spines, the lower barbel very minute t caudal peduncle 
slender, abdomen well rounded; premaxillaiy with two irregular 
series of slender, pointed teeth, those of the posterior series much 
the larger, about five In number, subeqnal, both scries graduated 
from the larger ones nearer the center outward, laterad of the 
median scries (on the premaxillary?), four or five siinilar but 
smaller teeth, graduated from the larger proximal one; the rami 
of the lower Jaw widely separated from each other, each with about 
five, recurved, pointed teeth in two series on its end, in apposition to 
the lateral series of the upper jaw; gill-opening minute, circular, 
gill-membranes perfectly confluent with the isthmus; opercle with a 
bundle of about twelve, suhcqual, upward directed spines; inter- 
opercle with about eleven curved, dovmward directed spines, ar¬ 
ranged in tw'o series; distance between origin of ventrals and caudal 
t.6 in its distance from the snout, origin of anal behind the origin 
of the dorsal; distance bctw'een anal and caudal about 5 in the 
length ; pectoral falcate, the outer ray not prolonged as a filament, 
about as long as the head: origin of the dorsal between that of the 
ventrals and anal; twice as far from snnut as from caudal: caudal 
narrow, obliquely rounded or subtnincate, with few inconspicuons 
fulcra. 

Translucent, eyes black, chromatophores on the snout, along the 
back, along the base of the anal, on the base of the caudal, along the 
side of the abdominal cavity and a fewr on the pectoral, 

* In honor of the discovefcr of (he ipccies. Mr, A. de W. Bertoni of 
Ajtinciod^ 
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SIR WILLIAM R.AMSAy, K.C.B* 

May 191?,} 

Ill Ihfi untimely death of Sir Williatn Ramsay the American 
Philosophical Society has lost one of its most disiin|rujshcd mem¬ 
bers, the world of science a leader of rare insight and initiative, 
England one of her most brilliant men. and his intimates a much 
prized fnend. He possessed a personality of unustial charm, 
charged with wide interests, keen human affections, and vivid 
enthusiasms. 

The only son of William Ramsay, a well-known civil engineer, 
and Catherine Robertson Ramsay, the child destined later to 
develop Into a great chemist was horn at Glasgow on the 3d of 
October, 1852. He early turned his attention toward science, and 
believed his talent in this direction to have been inherited from his 
grandparents on both his father's and lus mother's sido—for he 
came of families of physicians and naturalists. After preliminary 
education at the Glasgow Academy, he mtered the L'niversity of 
Glasgow when only fourteen years old, taking at first a general 
course, and later turning his aitenhon especially toward chemistry. 
In 1870, at the age of eighteen, his chemical studies had progressed 
so far that he was anxious to seek further light tn Germany, and in 
the autumn of that year was able, in spite of the Franco-Prussian 
war, to go to Heidelberg in order to study under Bunsen. Shortly 
afterwards he turned toward Tubingen, where he worked for nearly 
two years under Fittig, and gained his doctor's degree by virtue 
of a dissertation upon ortho- and meta-toluie add. 

In the autumn of J873 the young doctor of philosophy of twenty 
suiters returned, full of enthusiasm, to his native city, and became 
assistant in the '* Young" laboratory of technical chemistry there, 

1 wo years later he was made tutorial a.<tstslant in the University 
of Glasgow. In spite of bis charge of the elementary class of 
200 students he found time to undertake investigations concerning 

iii 


IV 


obituary notice:s. 


m^jiy diverse fields of chemistry s for hiis inttrcst was wide^ aiid 
only as the years advanced did he put most of his energy Into the 
swiftly growing branch of physical chemistry^f w^hidi finally ome 
to daim most of his attention. 

His studies on picolin and quinine were partly ready for publica¬ 
tion in 1876, and in [879, while still at Glasgow* he published an 
imfjortant investigation concernir^ molecular volumes of liquids at 
their boiling points^ a research for which he devised peculiarly tn^ 
geniems apparatus. His interesting preliminary study of the chem¬ 
istry of the sense of smell dates from aljout the same time^ and, 
taken logeihcr with the others^ shows the breadth and scope of his 
interest 

In the next ycaj* Ramsay was called to the professorship of 
chemistTy' in the LTniversity of Bristol, where he remained seven 
years^ and where he found Sydney Youngs an able collaborator, 
with Tvhom he published many papers bet^veen 188s and 1889. 
These papers especially concerned vapor pressure, and dealt not 
only with the i^por pressure of solid and liquid substances, but 
also with the dissodation of ammonia and nitrogen trioxide, as wdl 
as vihh the critical point Ehiring the last six of his years at the 
University College, Bristol, Ramsay was prindpal as well as pro¬ 
fessor of chemigtry'. 

In 1SS7 he resigned both positions in order to accept tbe chair 
of chemistrj' in University College an Gower Street in London, this 
chair having been left vacant by the death of Williamson. Ramsay 
wa?h one of the first to see the far-reaching importance of the new 
theorv^ of solutions brought forward by van*t Hoff and Arrhenius^ 
as was shawm by tbe fact that he published in the Phihsophtcal 
an English translation of van^t Hoff^s epoch-making 
j-hiiper^ Not only in this way, but also by his own researches 
Ramsay advanced the new doctrines, and his inv^egtigatlons on the 
diminution of the \'apor pressure of mercury by the presence of dis¬ 
solved metals, as well as his interesting and important work ou 
surface tension* bore witness to his faith in the new point of view. 

At University College, where he remained utud 1913, he carried 
out also the series of brilliant researches which constitute his chief 
lillc to fame, namely* those concerning the inert gases of the 


SIR william RAMSAY. 


V 


atmosphere. Lord Rayleigh, m a research which is a model of 
experimental acumen and conscientious execution, was the first to 
suspect the existence of such gases; his careful study of the density 
of nitrogen from difForent sources hail proved chemical nitrogen 
(prepared from nitric acid and ammonia) to he distinctly less in 
density' than the residue of the afniosphere from which oxygen and 
carbon dioxide had been sepmted- Lord Rayleigh had sho™ that 
the difference was not due to any impurity^ of hydrogen in the 
chemically prepared nitrogen, and that hence it must probably bo 
due to an unknoim impurity in the atmospheric nitrogOL He had 
begun on the task of burning this rather incombustible with the 
help of the electric sparky in order to discover the nature of the 
residue, a task which Cavendish long before had cniddy attempted, 
and which is now executed on a huge scale commcreially* Ramsay, 
stimulated by Lord Rayleigh's experiments and by the latter’s 
request for air from chemists, suggested another method of fiK.ing 
atmO-spheric nkrogen by conducting the gas over heated magnesium. 

The tw'o mvestigators worked in harmony, and in 1894 succeded in 
showing that the residues left after the nitrogen was conibined by 
these tAVO different methods were identical; and that this common 
residue consisted primarily of a hitherto unsuspected gas, Avhich 
they named argon, existing to the extent of about l per cent, in the 
atmosphere. Sir William once told tne that on hearing of Lord 
Rayleigh's first experiments and turning to the original description 
of Cavendish’s experiments in his own library', he found the pencilled 
annotatiofit ’^Look into this matter,"' placed opposite the line where 
Cavendish states tliat a sniall bubble, not over i per cent, of the 
Avhole, remained unconsunicd by the sparking Avith oxygen. If 
Ramsay hitd followed this early suggestion of his OAvn, he, instead 
of Lord Rayleigh, might have been the first to point out that the " 

small bubble remaining in Cavendish's experiment, was probably 
a hitherto unknown gas. As it Avas, Ramsay's greatest credit lay 
especially in his later Avork in this field. Remembering a discovery^ 
of Hillebrand's that an inert gas had been found to exist iucluiled in 
a certain ore of uranium, Ramsay secured a specimen of this ore in 
order to dbeover if this gas might uot be ai^on. To his amaze¬ 
ment he found that the gas {>o^scssed a different !5pectnim, the chief 
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yellow line in which was identical with that in the speetruni of the 
sun ascribed to an element, unknown on earth, called helium. 
Before Ramsay's discoverj^ thts suhstance had indeed been suspected 
in the spectrum of volcanic ejections from Vesuvius, but no one 
had any idea of its nature. The excitement of llie discovery was so 
great that Ramsay was obliged to voyage to Iceland for a loitg rest. 
The existence of two inert gases with atomic weights respectively 
about 4 and 40 suggested to Ramsay th* possibility that there migh^t 
also be others fitting in to other correspnnding pWes in the periodic 
system of the elements: and after an eager search, in a brilliant 
mvcsli^tion, Ramsay announced the discovery of the whoie series, 
mcluiling neon, ciypton and xcrum, obtained by fractionaJ distillation 
at very low temperatures of die residues from large amounts of 
liquid air or liquid aTgon. This work was carried out tvith the 
help of Travers, using the methods for the liquefaction of the so- 
called permanent gases which had only recently been developed bv 
others. It was about this time, between 1895 1898. that J 

ntmember Sir William's having said to me: Nothing in this world 
IS strange to be true if properly substantiated by adequate ex- 
pcrimeiiis." This feeling animated Ramsay in all his icsearches, 
and was a good preparation for the yet more astounding things 
which were to come. For during these years the extraordinary 
properties of radium and the revolutionary phenomena of radio¬ 
activity began to become known to mankind, and Ramsay, with 
eager interest m anything capable of throwing new light upon the 
processes of nature, welcomed to his Uiboratoir Frederick Soddy, 
who had just come fr^ Montreal, where he liad helped Rulhcr^ 
ford in his qjoch-making studies concerning this subject. It was 
Riimsay’s admirable technique in dealing with small quantities of 
gases that cnaiiled him, in collaboration with Soddy in 1903. to 
gire the first experimental evidence that hdium is formed from 
radium^a phenomenon suspected by Rmherford, hut not cspcri- 
nieiitally proved by him. Soon afterwards, in 1908, with the help 
of Cameron, Ramsay showed that the emanation from radium, 
which had been proved by Ramsay's earlier work ivHth Gray to be 

a ravj but unstable gas, had, in spite of its instability, a sped rum 
of ns own. ' 
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It \s not surprising rliat an enthusiast confronted vnih the 
composition of so many substances^ w'hich in so many respects ap¬ 
peared to be classed among the elements, siiould push the sdea too 
far and fall into an almost alchemical state of mind. Ranisay's 
later enpertnients, in conjunction \nth Cameron and Usher, in which 
the}' thought that radium emanation could decompose copper into 
lithium and thorium into carbon, have not been verified by other 
experimenters. Perhaps it is premature to judge the outcome: but 
if the conctusion was au error, it musE be remembered tfixit the 
[ierson who has never made a mistake is one who ha,s never at¬ 
tempted any serious work. 

More fortunate, as it appears at present, was Ramsay's later 
research with Gray on the density of the radium emanation, called 
by him "'niton." This important investigation, carried out with 
extraordinarily small qtiantities of material, proved the iransltorv 
" niton ** to be the heaviest member of the argon series, and shoi,ved 
that it fits satisfactorily into its appointed pUce in the periodic 
system, as well a$ into the expected niche in the Soddv-Fajans 
disintegration series. 

The work indicating the true nature of niton appropriately 
crowded Ramsay's work upon the series of inert gases, the discovery 
of which was so Largely due to his insight, enthusiasm and 
perseverance. 

In addition to all his brilliant researches Ramsay found time to 
publish s number of books, the chief of which were: A System of 
Chemistry-” (iSgi); '‘The Gases of the Atmosphere” (1896); 
“Modern Chemist(iSPO - ''Essays, Biographical and Chem- 
ical** (190S); and (as editor) a series of very valuable textbooks 
uiion the difFerent subdivisions of physical themistr}'- In igii he 
was president of the British .Assoctation for the Advancement ol 
Science, and Ins address, vvliicb began with a revieiv of the amazing 
discoveries of recent years, ended with an impressive warning as to 
the impending failure of the world's coal supply, especially that of 
Britain, wdth its direful consequenees: but this warning has fallen 
largely ujron deaf ears^ and the world continues to s<iuander the 
stared energy of the ages wdth reckless prodigality, 

would be expected, honors ^vere showered upon this rare 
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iniellect from aJI sides. He was created K.C.B. in icjoi and re¬ 
ceived the Nobel prize in chemistry in 1904, besides liaving had 
vanous orders and medals conferred upon him, and having been 
made an honorary member of nearly all the learned academics and 
chemical societies of the tvorld. Many of these distinctions came 
from Germany, where he formerly had warm friends; but on the 
outbreak of the war his patriotisin and his sense of justice and honor 
made him a firm and outspoken upholder of the cause of the 
Entente Allies, and even during his lingering and painful illness he 
did aJf m his poi/i er to hdp his coiititry m her time of need. In rSSi 
he marned Miss Margaret Buchanan, who survives him, with one 
son, one daughter, and three grandchildren. He died, all too soon, 
on the 23d of July, 1916, in his sixty-fourth year, at hts country 
estate at Haslcmere in Bucks, England. 

Rairoay, in his ow-n brief autobiographical sketch, has acknowl¬ 
edged freely the debt w-hich he sometimes owed to others for ideas 
and suggestions, proclaiming his belief that scientific men sbould 
cp one another and seek help whenever they could, and adding 
at he always endeavored to acknowledge specific cases of indebted- 
ntss to others whenever possible. Nevertheless, he was full of 
initiative and originality himself. The study of his work shows 
tlat the following were among the attributes of his genius: an 
intense oinosity and enthusiasm with regard to everything new. 
an excellent experimental technitjue in dealing with gases, a great 
fertility of fruitideas, a daring scientific imagination, and de¬ 
voted persistence in any promising line of work. The happy aggre¬ 
gation of these and other qualifications led Ramsay to successes 
si^ificant enough to put his name high on the roll of the leaders of 
^ emistry for all time. To him science owes a priceless debt for 
investigations which, in the short space of a score of years, made 
an unparalleled contribution, in that they revealed to the world a 
whole group of hitherto unknown elements possessing properties 
both unexpected and unique. 


Theouore W. Richaki^s. 


Cleveland abbEj 

(Read May 4^ 

Clevdand Abbe,astronomer,meieorotogist, philosopher, for fortv* 
SIX years an active member of the American Philosophical Sodet'v 
esteemed and honored by his colleagues in science for his achieve¬ 
ments m the fields of meteorology, and the application of that science 
to the welfare of man, is beloved and mourned by all his friends 
Jor the gentle kindliness of his spirit and the unfailing aid, en¬ 
couragement and inspiration flowing from his jnexhnustible stores 
ot information, suggestion and boundless enthusiasm. 

More than thirty years ago it my pleasure to enter upon my 
official hfe in \^a5hiiigton as a civil service probationer under the 
immediate mstruction and supervision of Professor Abbe, who was 
at that time in charge of the so-called Study Room of the Office of 
the ^lef Signal O^er. Although independently, I have nevertheless 
work^ literally side by side in close associadon with him through¬ 
out all ffic years that have followed our fir^t acquaintance, and to 
my feelings of esteem and respect for the scholar and devotee have 
beCT add^ my affection, for the man of gentle and generous wavs 
and a spirit refined and purified by his unselfish promotion of the 
pleasure and welfare of all around him. Embracing the Christian 
faith at the age of fifteen, the true spirit of Christ moulded and 
guided his conduct ever thereafter and, although brought up in the 
Baptist church, in Ids later years he enjoyed with his second wife 

the comfort and inspiration of the beautiful ritual of the Episconal 
Qiurch. ' 

Ocveland Abbe was bom in the city of New York at the home 
of his parents in Madison Street. December 3, 1S38, and died 
October 28, 1916, at his home in Chevy Chase. Md., after a some¬ 
what protracted aflliction of {tortial paralysis, which though limiting 
his bodily activity, left'hts spirit and menial faculties wholly unim¬ 
paired to the last. He was the eldest of a family of seven children. 
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five sons and two daughters, bom to George Waldo and Charlotte 
Colgate Abbe. Three of his brothers ami his two sisters still survive 
him. His ancestry on both sides was of pure English stock of 
liberty-loving English and Huguenot emigration. His Colonial an¬ 
cestor, John Abbe, was bom in England about 1613 and settled in 
Salem, Mass., about t 63S- Professor Abbe's father was prominent 
in the mercantile and charitable affairs of N'ew \ork at a time when 
public schools were rare and the dty was primitive enough for Abbe 
and his Iwyhood companions to gather shells on Battery beach. 
His early education was gained in privaft schools, later in the David 
B. Scott Grammar School. No. 40. on aoth Street, From this he 
entered the New York Free Academy, now the Collide of the City 
of New York, in 1851. A fter making an honorable record in mathe¬ 
matics and the sciences he graduated in 1857. taking, as he says, 
the year 1853 over again to my great advantage as a student.” 

Inspired by his piarenls ivith a love of nature, his predilections 
for scientific pursuit followed naturally, and after graduation his 
progress toward his life work was rapid and consistent. While 
teaching mathematics in Trinity Latin School and later in .Vnn 
.Arbor, Mich., he further perfected his owm education in astronomy, 
spending four years at Cambridge, Mass., in association with Dr, B. 
A. Gould and assisting in the telegraphic longitude work of the 
Lnited States Coast and Geodetic Survey, The two years, 1865 
and 1866, were spent delightfully at the great Russian observatorv 
at Pulkova, then under the illustrious Otto Struve. Here, under 
uew law*s of the autocratic Russian Empire, a few young men of 
civilian rank, rrhile at liberty to devote their whole time to their 
own studies, were nevertheless pcrmiltcd to participate if they so 
desired in some of the regular work of the observatory, for which 
a Small compensation was allowed. The years of his happy asso¬ 
ciations and congenial work at this great institution remained there¬ 
after a delightful and vivid memory to him, to which he always re¬ 
ferred with sympathy and feeling. 

A little incident serves to show the warmth of the hospitality 
which greeted him and also goes far to explain the mystic charm 
seeming to surround these impressionable years of his early life. It 
seems his arrival at Pulkova occurred at about Christmas time. 
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Imagine his astonishment when he was shown his name on a hand- 
some samovar standing among the gifts beside the Giristmas tree. 
To further prepare him for the asironomSoU work in which he would 
engaged during the long and rigorous winters of northern Russia 
arrangeincnts had been made for his advantageous purchase of a 
splendid ^eat coat lined with native Fur. It is easy to understand 
th^ deep impression incidents and associations of this kind would 
make upon the gentle and sympathetic nature of Abbe. Unfortu- 
nately the samovar was early stolen from him, but the great coat is 
still serviceable and among his effects. During the xrinter of 1909- 
ipro he resided at the Weather Bureau station at Mount 
\ where the severe atmospheric conditions gave frequent occa¬ 
sions for the use of the great fur coat, The writer, himself was 
snow-bound at Mt. Weather on one of these occasions and aftiir the 
storm during a nine nule drive through the snow drifts to the raH- 
way station, he enjoyed the warmth and protection of the great fur 
«at, which was even then, after the lapse of about thirU-four years 
in Rus^^ P™S'^’'^'ation. a tribute to the perfected art of tanning furs 

entered upon work at the 
Na^l Obsert^ory at Washington, D. C. in 1867. As early as 

oftlT? accepted the position of director 

of the Cincinnati Observatory, to which place he removed in June 

of the same year. A member of Abbe's family relates to me an 
in e^stmg incident not generally known, concerning his election to 

trat ^ ^ Cincinnati Obseiw-atory and that >vell illus¬ 

trates Abbes gentle temperament and kindly solicitude for others 
Ounng the transatlantic passage on his return from Russia he made 
the asua! acquaintance of an elderly woman of culture and refine¬ 
ment. Ocean travel at that time kicked many of the comforts we 
are now accustomed to enjoy and during the prolonged passage 
Abbe toiind pleasure in telling his sympathetic acquaintance of hi 
lopes and aTttbstTons, and liis devotion to astronomy. W'c can xvcll 
i^^ne the frequent opportniiilies embraced by Abbo to extend his 
kimliy courtesies and contribute to the comfort and welfare of his 
olelcr companion. The journey ended with the customary partings 
and exchange of sentiments and sympathies incident to travel and 
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nothing more was expected to occur. When, howev^er, a year or 
more thereafter Abbe Iiad moved to Cincinnati, he learned with 
pleasure and surprise that his selection for the observatory had been 
suggested and promoted by the flattering representations of his ac¬ 
quaintance of the transatlantic trip. Abbe, it $eemSp has redied this 
Storys chiefly to his o^vm sonSp with the admonition that thus they 
may see the benefits resulting from kindness and courtesies shown 
to the elderly. 

Professor Abbess wedded life began May lo, iS/o, in his mar¬ 
riage to Frances Martha Kcal, daughter of David Neal, a resident 
of Cincinnati. The children of this union were three sons, all bom 
in Washington* D. C* namely* Cleveland Abbe, Jr., bom March 35. 
i8y2, ^fLam€^d Frieda Dauer^ Truman Abbe^ born November ij 2873, 
married Ethel W. Drown * W i Eliam Abbe* bom J une 37, 1877^ 
marned Louisa Hart Howson. The mother was a woman of 
strong eharacter and personality with simple home-loving tastes, 
opposed to shams, frivolities and ostentations, always hungry for 
knowledge and intensely proud of her home and children* to whose 
rearing and education she gave her love and assiduous atUntion. 
In this she enjoyed the complete and earnest support of her devoted 
husband. 

At an early period of his life in Washington he purchased 
an old and historic residence with great rooms and lofty ceilings, 
locat^ at 2017 I Street, N, W. Here for many years'with simple 
but sincere and hearty hospitality he entertained visiting scientists 
and others of his acquaintance* always availing himself of such 
opportunities to mcreasc* if possible, his stores of knowledge by 
questions and discussions of scientific topics. A frequent visitor to 
the house in the earlier days when the boys were at home writes in 
a recent letter : I have alw'ays had a most delightful impression of 
Prof. Abbe as the head of a family. He was always full of fun and 
delighted in the pleasure of bis children and their friends* or of any 
guest Tivho came into his house. 1 never saw him in any mood 
except one of kindness and cheerfulness. All that I can $ay is to 
conb^ what all his friends already know—that no man of such 
learning and such great scientific activities has shown a gentler dis¬ 
position and kindlier heart than Professor aevdand Abbe.^"^ 
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The extent of his chsirities can doubtless never be fully known 
but the cases of record testify to his disposition to single out deserv¬ 
ing and meritorious instances where the bestowal of aid, necessarily 
limited by his OftTi simple resources, would bear the best fruit. 
Each of these doubtless meant a definite personal sacrifice, signif¬ 
icant of the sincerity and unselfishness of his motives. 

The long years of his ofikial life under the government inevitably 
brought a. number of vicissitudes which Abbe's boundless devotion 
to his beloved science enabled him to hear with patience and tolcra- 
tion^, whereas they brought a deeper sadness and resentment to the 
declining years of his devoted wife. In the early part of 1900 her 
health began visibly to fail, ending in death in Canton, N. Y., July 
34, 190S. 

At this date his sons were each married and already established 
m a home of his own. The father doubtless perceived and felt 
the loneliness of his situation, in spite of the solicitude and hospital¬ 
ity extended by his sons. Consequently, although then at the age 
of seventy, it was not surprising to those acquainted with the 
affectionate and sympathetic spirit of Abbe to leam of his second 
marriage in Philadelphia, Pa., April ta, 1909, to Miss Margaret 
Augusta Percival of Basseterre, St. Kitts, British West Indies, In 
renewed health, after a severe illness following his constant and 
patient attention to the needs of his first wife in her last illness. 
Abbe entered upon his new happiness with much of the spirit and 
romance of youth but, yet, with the sincerity and seriousness of 
maturity. Each found in the other tlm great need of all humanity, 
sacred love, completely satisfied, moulding their separate lives into 
unselfish reciprocal devotion. There was thus fittingly provided in 
the tender care and solicitude of this capable wife of a stronger 
vigor of life than he, both the affection and the attention that were 
needful when his own bo<lily strengtli, which he had so lavishly be¬ 
stowed in the interests of science and humanity, failed longer to 
fully sustain him. 

The horrors of the European war were a great mental distress 
to Professor Abbe in his last days and added to the pains bis bodily 
illness brought ujwn him. His mind, however, was singularly clear 
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ami cheerful even at the last nvoments. as I am told bv those around 
him. 

I have thus rlwcH at some length upon cvenu of Abbe’s oarlv 
^reer and hU family life and last days, as Iicrctofore these have 
knoi™ only to the family and intimate friends, ivhereas many 
01 his labors m the field of meteorology and lus achievements m the 
mtcrcsts of ^e public welfare have frequently been recorded and 

published. The more notable of these events will now be mentioned 

briefly m review. 

His life and work up to the lime he assumed charge of the 
Cincinnati Observatory must be looked upon as a period of educu- 
tion and preparation. The subsequent years were years of produc- 
hou and harvest. His iijaugural address June 30. 186S. at the 
Cmcmn.'iti Observatory presents an outline and program of work 
in astronomy, meteoroiogv-. terrestrial magnetism, surveying and 
engineering, all characterized by a regard for public welfare that 
coti accoinplishcd in full only virilh prolonged labor and re- 
sourees far beyond those of the observatory itself. This very com- 
prehwsivcness. this all indusiveness of treatment was characteristic 
o . hes view of matters and his method of handling problems he 
attacked. Among the suggestions in his address was his prop<is,rl 
or the creatioTj of a sy^tein of storm warnings smd forecasts by 
means of weather reports collected by electric telegraph. More than 
a year elapsed before Abbe was able to make a practical demonstra¬ 
tion of his plans for forecasting the weather. How well he suc- 
we ed in this undertaking is best shown by his own words quoted 

^om his annual report to the Board of Control of the Cincinnati 
Observatory, June, 1870; 


myself, to the auentjon of Uie 
^ of this dty. t},a, body, in June bst (iSfioJ, authorieed 

a sysiem af [jaijy ij^cathcr reports and storm predictions. Ek- 
The Wes+ji points offered their gratuitous ooiiperalJou. 

fonn, fw the ,,,, 1,1 rh* Septonbw i. m maiiutcriiit 

II Qiaifiber of Cattimerce, and to 

prmted a w«k Urr as an bdepondcnl publication. 

the r as at first ^recd on. by 

of the nh»p.. f '** Sfudiirt then passed entirety into the liands 

atory, and has thus continued until the past month. The ittde- 
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pcndc^ publication of tbe Bulletin wai, however, distt,„ti„ued. and Lt has. 

mominff papery. The daily compila^ 
non of this Bnnetia for the newspapers was ondcrlakcn two weeks a«o by 
the Cwcinnah Oftce of the Western Union Telegraph Company, and will so 
contwMc, thus rchevmff the Observatory of all further responsibility, 

manager of tlic Cincmnad office undertook the puhli* 

TT ?■ ^ f^^vor diat this has met with insures 

continuation m the fulure. The Daily Weather Bnlleth, and Chart are. 

T^r *>y ‘he Western Union Tckgrtph Company, 

and must be considered as a veiy important contribufioti to meteorolosy. It 
would have been highly lo the credit of the Observatory could these publiea- 
flons have be^ mainlatiied in its own name; Lot this was impossible owing 

to the ifl-ant of funds and Mistants.*" 


Writing of this matter to his father in New York, he said 
prophetically “1 have started tLit which the country will not 
willingly let die." 

Other forces and influences were also at work to perpetuate uod 
nurture this embryo Weather Bureau for the benefit of the nation. 
The Executive Documents and the Congressional Globe of the 41st 
Congress, 2<1 session, show that on December 14. 1869, Hon, Hal¬ 
bert E. Paine, Member of Congress from Wisconsin, introduced 
a bill to create a weather warning service under the Secretary of 
War. The Document accompanying this hill consisted of a Me¬ 
morial of Prof. Increase A. Laphara of Milwaukee, Wis., cnritled 
“ Disasters oa the Lakes.*’ and comprised a record of the marine 
disasters on the Lakes for 1869. The legislation finally enacted was 
the passage of a Joint Resolufion, also introduced by Mr. Paine, 
which passed the House of Representatives February 2, 1870; the 
Senate on February 4, 1S70; and was signed and approved by the 
President February 9, 1870. We may therefore conclude that the 
passage of the legislation establishing meteorotcgical observations 
and reports in the United States was accomplished chiefly by the 
Hon, Halbert E. Paine upon the representations of Prof, I. A. 
Lapham. 

No one has been more scrupulously careful than Abbe himself, 
as can be shown by documentary evidence, to give Professor Lapliain 
the fullest measure of credit for the work done b>' him which prac¬ 
tically ended with the enactment of the law which imposed upon the 
Secretarj' of War the task of organizing meteorological observa- 
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tions throughout the United Stales and the givitif of noUce on the 
northern Lakes and $ca-board of the ap|)roach of storms. 

\yhen the Secretary of War sought to put these provisions of 
law into operation he endeavored to enlist the services and council 
of Lapham, Abbe, and others. Lapham declined but Abbe, whose 
work began with his Cincinnati Weather Bulletin, responded heartily 
and was appointed the assistant or meteorologist of General Albert 
J. ilyer, chief signal officer of the Army, in charge of this work. 

The following quotations from the Popular Science Monthly 
for Janua^', iSSS, cite important features of Abbe's subsequent 
service while the Weather Bureau was under the War Department: 


and ^ ofKattued the methodi 

probability* ar suidy-r«at, b waath.r 

iMhira, ofdenng starm sifina 9 «, etc,, and dictated the publiahcd 
oflieib tn^Jaily synapiti «id ■ probabilities * of the weather. In the same 
"t^d ur^cd the collectiott of lines of leveling, and b iSrs, by 
b^nous anal^iis drfqwd the aUiltides of the Signal-Seivnce barometers 
_ ‘ instituted in 1872. and reorganised in i8!y4, die work of 

^Wishing a monthly weather reiiew, with its maps and studies of storms, 
e urged the extension of siniultancous observations throngbout the world, 
as the only pro^r method of studyrng the weather; and, as General Mytr 
ij n y avowed, the success of the negotiations of die Vienna Congress of 
1074 was due to following his advice. And he organised, to iS^S. the work 
of preparing the material and publishbg the ' DaUy Bulletin of simalUneous 
Intemalronal Meteorotogical Observation*.' Especially Is the otganixatlon of 
C numerous state weather service* of the country doc to his advocacy, and 

0 be. letters sent by his advice by General Hazen to the govemon of the 
states,' 

of die ibtidard time committee of the Ameriism Metro- 
M ‘ 7 - ‘he tbked States to the International 

which met at Washington in October. iea4, 

. . , “ »rtive part in all those conferences, discussion* and studies, 

which cnlminnted in the adoption by the railroad* of the United Stares of 
the present system of standard times. 

Professor Abbe s unselfish devoPtm to the pursuit of science for its 
van cement an not for lij* own has prevented his name from appearing as 
prominently in connection witli tlie work of the Wathcr Bureau is it 
hnn*!)! -**’*’^* '* concurrence of testimony that be has 

ter-L ‘ *'**’*' meteorological mat- 

wa* Ae ' appreciation of much that he read; and, when this 

author infai destrona of bringing the matter and the 

scetnrii tn 1 1 ,^ means of trunslabons and rcpublicatfons. In fact, he 

oUiers biolIL bringing the works and tlic claims of 

to notice than hit own. His note* on meteorological subjects, pub- 
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hshcd in the Sirtithsoriau Reports, sprung trom his extensive reading and 
ilMire to Qommunicate to the pulKe whatever be foucid of valtic in the course 
of his reading. , , . Whm General Hawn was put at the liead of the service 
and a more liberal policy toward civilians, and in the encDuragcinenr of sciwi- 
tiSc worV, was adopted, he seemed to wish that all the leading meteoroloeists 
ot the country could have a part in what he considered the great work of 
the country, and he especially interested himself in endcavoriitg to ^ve a 
^ance to promising young men of the sountry ic have a part jo this work. 

portuance of th» idea he secured the appointment ol the eminent physi- 
«st, ^ofessor T. C. Hendmhall, and certain steps were laken toward the 
organization of an experimental laboratoiy in atmospherics. The beginning 
w« necessarily a vco’ modest one. aithougli the plan of a great e*perimental 
bboratoty was one that Professor Abbe cherished for many years and let no 
oppr^unity escape of urging it upon federal officials and university faculties 
At that date fifi8s-86) the attitude of departmental oIKdats, not to mention 
m^bers of Congressional committees, was perhaps lukewarm, if not antago¬ 
nistic to what seemed to be investfeatioijs in pure science, and it is not 
surpnsmg Aat in this unfavorable atmosphere the project of a physical labo- 

terminated with Professor Men- 
^hall s elecbon to the presidency of Ro« Polytechnic Institute, Terre 
ind. 


Fat the good work done by the United Stales Weather Service, and 
for the high estonatioti m wliicli it has been held by Europeans generally the 
country « uidebted to Professor Abbe more than to any other one man. ..Z On 
all important qirestioiis touching the scientific work oi the service, bis advice 
has been sought by the chief signal officer; most plans for its improvement 
^d exl^sion have originated with him, and he has done much to stimulate 
the study oi taiMetirologjr outside of the service as well as withm 11 


Mrs. Haien. widow of die late chief of the Signal 
Office, ^at Professor Abbe was always held in high esteem by her husband, 
and relied on not only as a very scientific man hut as a loyal friend.' This 
sentmec bring* ont another salient trait in hh clmracter-Jiis loyalty to Jii$ 
cW Readers of the ifenlhly will recollect the tribute which he improved 
the first opportimily after General's Hazen's death to pay to his character 
and the worth of hi* work for sdwee; but tiiey do not know, for that is 
matter of personal confidence, that he was exiremety anxious that General 
«^en should receive full credit for all that he did, all that he helped to da. 
and all that he was in any way the means of having done for science: and 
parbcularly that he should be vindicated irom the unfriendly criticisms which 
the newspapers had cast against him-all of which Professor Abbe believed 
to be unjust and unfounded." 


General A, Grcely. chief signal officer m command of the 
signal corps at the time the civilian duties thereof comprising the 
Weather Bureau were segregated and transferred to the Depart- 
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mcnt of Agriculture, published in Science {Hov, 17, jgifi) a fitting 
tribute to Professor Abbe from which we may quote as foUows: 


AM. setmee I was rntim^tcly associated with 

iuf '‘n . “ *• ct^workcr, and as hU admluistralive 

cfecf. Dumb this term of years there inevitoWy developed sltuatigns which 
were complex, annoying and miharrasstiig to the sdentifie force. Yet b all 
such coadtuons 1 never ti,cw him to dUplay bad trmper, to unduly prolong 
dwussions, to advance personal interest*, nor » abate his most tenuous 
effom to carry gat such policits as were judged needful for the good of the 
service-^vea thougli thry had not onginally met with hit af^Proval'' 


In August, Professor Abbe w.-to niatle the respousible 

eaitor of the ifcithly Weather Retiew, a work he found most con- 
gentdl. Editorial comments, annotations and original articles there¬ 
in contribute much of value to the-publication and constitute a last¬ 
ing monument to his fame, 


It Is quite impossible, in this brief memoir, even to indicate the 
number, scope and characier of his literary works. The list is a 
Very long one and includes a wide range of scientific subjects. Hts 
enthusiasm led hjm to undertake many tasks which the ineritable 
lack of streng^ and opportunity prevented him from bringing to 
completion. Notably among these must be mentioned a study of 
douds and atmospheric motions observed by him with a splxrial 
marine nephoscope of his own invention while on a trip to the west 
c(^t of Africa to witness the solar edipse of 1889. Similarly the 
sdentific papers presented at the International Meteorological Con¬ 
gress, held in Chicago in August, 1893, were only partly published 
for lack of funds, to Abbe’s lasting regret, and he never ceased to 
urge the fulfillment of the obligation upon American meteorologists 
to complete this work. 


However the genealogy of the Abbe family, live preparation of 
w ic received his most feeling and sympathetic attention for many 
yea^, and which was so dear to his heart, fortunately was submitted 
to the publishers in the very last months of his long life. 

he scientific societies in which he held membership would also 
c up another long list. During the active portion of his life he 
^ library dealing with meteorology and re- 

sciences, the c^e of which in the later years of hls life became 
grea a responsibility that with commendable foresight for the 
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preservation of such an invaluable collection he arraneed to make k 
^ inlcpTil part of the library of Johns Hopkins Univcrsily under 
the designation of « The Abbe Meteorological Libraiy.-* 

The eminence he never sought for himself has been bountifully 
him by othm. Th. UoiTemily of Michigoo. i, 
SSSp conferred upon him the degree of LL.D., and in i8g6 he re- 
ceived the same degree from the University of Glasgow, the nres- 
entadon being made by L^rd Kelvin, by whose wish Lady Kelvin 
hej^elf made the Doctor's hood bestowed on that occasion. Natu- 
mly his modest ^turc was profoundly touched by this tribute, and 
this i^mbol of bis achievements was worn to his grave. He was 
awarded the medal of the Royal Meteorological Society of Kogiand 
in 1912 and m the spring of 19^6 the National Academy of Sciences, 
of wnich he was long an active member, awarded him the MarceUus 
Hardy M^al for eminence in the application of science to the 
public welfare. Coming, as this award did, from those be counted 
as hts most intimate fnends and associates in scientific endeavor and 
at a bine when he rccognkcd that his strength and force were almost 
spimt It bore the welcome message! “Well done thou good and 
faithfu servant.*' and mthin the year he entered into the joy of his 
Master’s presence. 


WasKiNcroN, D, C, 
March 34, xjty. 


Charles FiiEDBmcK Marvik, ’ 
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Stated Meeting, January 5, 

William W. K£EN, M.D., LLD., President, in the Chair- 

Prof. Douglas W, Johnson, ot New York, read a paper on 
“ The Strategic Geology of the Balkan Campaign/' 

The Judges of ihc Annual Election held on this day between the 
hours of 2 and 5 in the afternoon, reported that the following named 
members were elected, according to the laws, r^ulations and ordi* 
nances of the Socie^, to be the officers for the ensuing year: 

President, 

William W. Keen, 

yice-Presidents, 

Williani B. Scott, 

Albert A, Michetson, 

George Ellery Hale. 

5 'ecre/anVj- 

I, Minis Hays, 

Arthur W. Goodspeed, 

Amos P. Brown, 

Harry F. Keller. 

Curators. 

Charles L. Doolittle, 

William P. Wilson, 

Leslie W. Miller. 

TVfflJMrer. 

Henry La Barre Jayne, 
itt 
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Caufffj'/fm. 

(To serve far ihree jrears.) 

Henry Fairfield Osborn^ 

Elifatt Thomson, 

Samuel M. Vaudain, 

Henry B. Hue. 

Stated Meeting^ Februtiey Jp/7. 

W11J.1AM W* K££K^ M.D., LLD., Prcisident, in the Chair. 

The decease was announeed ol Prof. Paid Lcroy-Beaiilieu in 
Deceoiber, 191& 

The following papers were read: 

‘^Ou Some Aspects of Costa Rica and its Natural Historyp''* 
by Professor Philip Calvert. (Introduced by Pmf, Henry 
Kraemcr,) 

The Geology of Sergipe and Northeastern Bahia, Brail ” by 
Mr. Ralph H. Soper, (Communjeated by Prof. John C. 
Branner.) 

Stated Meeting^ March Jpx/- 
William W* Keek^ M JD.. LLD,, President, in the Chair. 

A cotnmunication was received from the Societe Imperiale Rtisse 
de Miticralogie, announcing the centenary of its foundation. 

Dr. Francis G. Benedict read a paper on “Human Energy and 
Food Requirements.^* 

Stated Generai Meeting, April /J, /y mid 14, /pry. 

rfiurjrfay, April 
O^rwjit^ Sessicn—^ o'clock. 

William W. Keen* M.D., LL.D., President* in the Chair. 

The decease of the following members was announced! 

Prof, Jean Gaston Darboitx, at PariB, in February, 1917;, ^et. 74, 
Ambrose E. Lehman, at Philadelphia, on April g, 1917, kL 65. 
TIon. Richard Olney, at Boston, on April 8* 1917t set. 82. 
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The following papers were read: 

"The Trial of Animals—A little Known Chapter of Medieval 
Jurisprudence/’ by Hampton L. Carson, LL.D., of Phila¬ 
delphia. 

“ ^ledieval Sermon-Books and Stories and their Study since 
18S3," by Thomas Frederick Crane, Ph.D.. Utt,D., Professor 
Emeritus of the Komance Languages and Literature, Cornell 
University. 

" Some Recent Acquisitions to the Vale CoUcclioti,*' by Albert 
T, Clay, LL.D., Professor of Assyriology and Babylonian 
Literature, Yale University. 

“ Vision as a Physical Process,” by Herbert E. Ives, of Phila¬ 
delphia. (Introduced by Dr. A. W, Goodspeed.) 

"The Diagnostic Method of Training'intelligence: an Educa¬ 
tion for the Fortunate Few {With a Deitionstration),” by 
Lightner Witiner, Ph.D,, Director of the LaboratOTy of 
Psychology, University of Pennsylvania. 

" Historical Notes on ‘ The .Armament of Igor,’ ” by J. Dyncley 
Prince, Ph,D,, Professor of Slavonic Languages, Columbia 
University, 

"A New Translation of the Hebrew Bible,” by Cyrus Adler, 
Ph.D., President of Dropsie College for Hebrew and Cognate 
Learning, Philadelphia, 

Friday, April 75. 

Execiftive 9,50 o^clcck. 

WnJJAM W. M.D,, LL,D., Presidents in the Chair. 

Dr. Erwin Friok Smith, of Washington, and Dr* Edward Murray 
East, of Forest Htlis, Mass., subscribed the Laws and were admitted 
into the SocidtyH 

The Proceedings of the Officers and Council were submitted. 

The following nominees for menibership were recommended for 
election this year* 

Residents of the United States. 

William FrederldE Durand, Ph.D., Stanford University! CaL 

Pierre Samuel duPont, Mendenhall, Pa, 


in 


minutes. 


Carl H. Eigentuann, Ph.D., Bloomington, Ind, 

Cliarlc$ Halmes Herty, Ph.D., New York, 

Herbert E. Ives, Ph.D., PtutadelphTa. 

Waldemar Lindgnen, M.E,, Ph.D., Sc.D„ Cambridge, Masj, 
Walton Brooks McDaniel, A.B„ Ph.D., Philadelphia. 

W'inthrop J. V, Ostcrhout, A.M., Ph.D„ Cambridge, Mass. 
Harold Pender, T^.D., Philadelphia, 

Frederick Hanley Scares, B.S., Pasadena, Cal, 

George Owen Squier, Ph.D., Washington, D. C. 

Charles P. Stein meta, Ph.D,, Schenectady, N. Y. 

Oscar S. Straus, A.M., Utt.D., I,L.D,, New York City 
Alonao Englebert Taylor, MJD., Philaddphia. 

Edwin Bid well Wilson, Ph.D., Cambridge,* Mass, 

* 

Foreign Residents. 

Archibald Byron Macallum, M.B., Ph.D., D.Sc., LLD.. F.R.S., 
Toronto, 

Sir David Prain, M.A„ LLD., F.R.S,, Kew. 

Afoniing Session —p.jj o'clock. 

Georoe Eller^t Hale, Ph.D., Sc.D., LL.D., F,R,S,, Vice-President, 

io the Chair, 

The following papers were read: 

“ Lighting in its Relation to the Eye," by Clarence E, Ferree, 
Ph.D., Professor of Psychology, Bryn Mawr Cotlege. (In¬ 
troduced by Dr. W. W. Keen.) 

“ Factors Influencing the Sex Ratio in the Domestic Fowl," by 
Raymond Pearl, Ph.D., Biologist, Maine Agriculturat Ex¬ 
periment Station, Orono, Maine. 

‘'Significant Results of Scientific Investigations Applied to 
Fishciy Problems," by Hugh M, Smith, M.D,, LL.D., Com¬ 
missioner of Fisheries, Washington, D, C. (Introduced by 
Dr. Clarence E. McGung,) 

"A Description of a New Photographic Transit Instrument," 
by Frank Schlesinger, Ph.D., Director of the Allegheny 
Observatory, Universi^ of Pittsburgh, 
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“ Probable M^ses of Comets/" by Henry Norris Russdl, Ph.D., 
Professor of Astronomy* Prloceton University. 

*'The Relationship of Stellar Motions to Absolute Magni¬ 
tudes/' by Walter S, Adams* Sc.Dh, Assistant Dsreetor 

of Mt. Wilson Solar Observatory, Pasadena, Cal., and G* 
Stromberg. 

” Nebulae/' by V, M. Slipher, PhJD,^ Director of the Lowell 
Observatory, Flagstaff, Arizona, (Introduced by Prof. C. 
L. Doolittle,) 

"Early Man in Americap*' by Edwin Swift Balch. A.B., of 
Philadelphia. 

** The Influence of the Admixture of Present Immigrant Race$ 
Upon the More Original Stockp" by Charles B, Davenport, 
PhD,, Director, Station for Experimental Evolution, 
Cold Spring Harbor, Long Island, 

*'A New Babylonian Account of the Creation of Man/" by 
George A. Barton* Pli.D.p LL.D.p Professor of Biblical 
Literaturep Bryn Mawr College, 

Afternoon Session —.? 

Albert A, Michelson* Ph.D.* Sc D,, LUD., FJR,S,, Vice-President, 

in the Chair. 

Mr, Percy W* Bridgman, of Cambridge, Mass., a recently elected 
member, subscribed the Laws and was admitted into the Society. 

The follow^mg papers were read: 

■' Crushing of Crystals/' by Percy W. Bridgman, Assistant Pro¬ 
fessor of Physics, Harvard University. 

“Structure of the Spectra of the Phosphorescent Sulphides 
(Describing Measurements by Drs, H. E. Howe, H. L. 
Howes and Percy Hodge)/" by Edward L, Nichols, Ph.D.^ 
D.Sc.p LL.D.p Professor of Physics, Cornell University. 

“The Corbino Effect in Liquid Mtrcun'/" by Edwin Plimpton 
Adams, PhD., Professor of Physics, Princeton University. 

** Spontaneous Generation of Heat tn Recently Hardened Steet/" 
by Charles Francis Brush, Ph.D., ScD., LLD., of Cleveland. 

L ^ Condensatiem and Evaporation of ^letal Films/* 
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IL “The MinimiKn Potential for ExctUtion of the *D' Lines 
of Sodium," by Robert Willjams Wood, A.B., LL.D,, Pro¬ 
fessor of Experimental Physics, Johns Hopkins Universily, 

“Growth and Imbibition," by D. T, MacDougal, Ph.D., LL.D,. 
Director of Department of Botanical Research, Camegic In¬ 
stitution of Washington, and H. A, Spoehr. 

“ The Mechanism of Overgrowth in Plants,'* by Erwin F, Smith, 
B.S., Sc,D., of Bureau of Plant Industry, Dept, of Agri¬ 
culture, Washington, D. C. 

"The Behavior of Self-Sterile Plants,” by Edward M, East. 
Ph.D,, Professor of Experimental Plant Morphology, Har- 
>'ard University. 

“Twin Hybrids from CEnothera /omarrjt/and and fraticiscsna 
when crossed with CEnotkera Pycttocarpa“ by George F. 
Atkinson, Head of the Department of Botany, Comril Uni¬ 
versity, 

“ Naming American Hybrid Oaks," by William Trelcase, Sc.D., 
LL.D,, Professor of Botany, University of Illinois, Urbans, 

“The Wild Relatives of our Cultivated Plants and Lhcir Pos¬ 
sible Utiliffltion,” by W. T, Swingle, Ph.D„ of U. S, De¬ 
partment of .Agriculture, (Introduced by Dr. Wjlliain P. 
Wilson.) 

'*An Annotated Translation of dc Schweinita's Tw’O Papers on 
the Rusts of North America,” b)' Joseph C, Arthur, Pro¬ 
fessor Emeritus of Botany, Purdue L^niversity, Lafayette, 
Indiana, and G, R. Bisby, (Introduced by Prof. John M, 
Coulter.) 

" Ecology and Physiology of the Red Mangrove.” by H, H. 
Bowman, Fellow in Botany, University of Pennsylvania. 
(Introduced by Prof. Harshberger.) 

Evening SeMioH—S tf’clock. 

George Ellery H.ilc, Ph.D„ Sc.D., LL.D„ F.R.S., Director of the 
Solar Observatory of the Carnegie Institution of Washington, at 
Mt Wilson, California, gave an illustrated lecture on "The Work 
of the Mt. Wilson Observatory.” 
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Saturdayf April 14. 

Executive Session —jj.jo o'clock, 

William W* Keest, M.D., LL.D., President, in the Chair. 

Dr. William Dillcr Jlatthcw, of New York, Prof. Edwin Plimp¬ 
ton Adams, ol Princeton, and Prof. William Morton Wheeler, of 
Forest Hills, Mass., recently elected members, subscribed the Laws 
and were admitted into the Society. 

Pending nominations for membership were read. Secretary' 
Keller and Dr. L. A, Bauer were appointed Tellers of Election and 
the Society proceeded to ballot for members. 

The Tellers reported that the following nominees had been 
elected to membership: 

Residents of the United States, 

William Frederick Durand, Ph.D., Stanford University, Cal. 
Pierre Samuel duPont, Mendenhall, Pa. 

Carl H. Eigentnann, Ph.D,, Bloomington, Ind. 

Charles Holmes Herty, Ph.D,, New York. 

Herbert E. Ives, Ph.D., Philadelphia. 

Waldonar Undgren, M.E., Ph.D., Sc.D., Cambridge, Mass. 
Walton Brooks McDaniel, A.B., Ph.D., Philadelphia. 

Winthrop J. V. Osterhout, A.M., Ph.D., Cambridge, Mass. 
Harold Pender, Ph.D., Philadelphia. 

Frederick Hanley Scares, B.S., Pasadena, Cal. 

Gcojgc Oiven Squier, Ph.D., Washington, D, C, 

Qiarles P, Steinmeia, Ph.D., Schenwtady, N, Y. 

Oscar S, Straus, A.M., Litt.D,, LL,D., New York City. 

Alonzo Englchcrt Taylor, M.D., Philadelphia, 

Edwin BidwcII Wilson, Ph.D., Cambridge, Mass. 

Foreign Residents, 

Archibald Byron Macallum, M.B.. Ph.D., D Sc., T T.p. F.K.S.. 
Toronto. 

Sir David Prain, M A., LL.D., F.R.S., Kew. 
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Morning Session—lo o’clock. 

William B. ScdiT, Sc*D,j LL.D,, Vice-President, in the Chair. 

Dr. W. F. Durand, of Leland Stanford University, CalifomUi. 
and Mr. Herbert E. Ives, of Philadelphia, newly elected members, 
subscribed the Laws and w^cre admitted into the Society. 

The following papers were read: 

Biochemical Studies of the Pitcher liquid of Nepenthes," by 
■Joseph S. Hepbum, M.S., Ph.D, (Introduced by Prof. 
Harry F. Keller.) 

" The National Research Council and Its Opportunities in the 
Field of C'hcmistiy," by Marston T. Bogert, Ph.B,, LL.D., 
Professor of Organic Chemistry, Columbia University, 

“The South American Indian in His Relation to Geographic 
Environment," by William Curtis Farabee, A.M„ Ph.D„ 
Curator of American Section of Museum. Untvei^ity of 
Pennsylvania. (Introduced by Mr. Henry G. Eiyant.) 

“ Inter-relations of the Fossil Fuels," by J, J. Stevenson, Ph.D,, 
LL.D., Emeritus Professor of Geology, New York Uni¬ 
versity. 

*' The Distribution of Land and Water on the Earth," by Harry 
Fielding Reid, Ph.D., Professor of Dymamic Geology and 
Geography, Johns Hopkins University. 

"Uplifted and Dissected Atolls in Fiji" (Illustrated), by 
William Mortis Davis, Ph.D., Emeritus Professor of Geol¬ 
ogy', Harvard University. 

"The Slides on the Panama Canal," by George W. Goelhals, 
LL-D., Maj.-Gen. U.- S. A., Late Chief Engineer, Panama 
Canal. 

*' Application of Polarised Light to Study of Ores and Metals," 
by Frederick E, Wright, Ph.D., of Geophysical Laboratory 
of Carnegie Institution of Washington. 

“ Astrapothcria,” by William B. Scott, Sc.D., LL.D,, Professor 
of Geology, Princeton University. 

“Diatryma, a Gigantic F.occne Bird," by Wiiliam Dtller 
Matthew, Ph.D., Curator of Vertebrate Paleontology, 

.American Museum of Natural History, New York, (Intro- 
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duced by Prof, W. B. Scott.) 

“ The Waters of Death," by Paul Haupt, Professor of Semitic 
Philology, Johns Hopkins University. 

Executive Session — o'clock. 

William W. Keen. M.D., LL.D„ President, in the Chair. 

The Qerk of the Council certified that the Officers and Council, 
by unanimous vote, had nominated for membership the Rt, Hon. 
Arthur Balfour, LL.D., D.C.L., of London, England, and it was 
ordered, in accordance with the unanimous recommendation of the 
Officers and Council, that a special election for a foreign member 
be held at the next Stated Meeting. 

Afternoon Sffsfoii—a o'clock, 

William W. Keem, M,D.. LL.D., President, in the Chair. 

A portrait of 1. Minis Hays, M.D., Dean of the Wistar Associa¬ 
tion. was presented by J. G. Rosengartea, LL,D., an behalf of the 
Wistar Assodalion, and in the twent)'-first year of Dr. Hays's Sec- 
retar}'ship of the Sockty. 

President Keen, on behalf of the Society, accepted the portrait 
with thanks. 

The following papers were read: 

Symposium on Aeronautics; 

" Dynamical Aspects,” by Arthur Gordon Webster, Ph.D,, 
D.Sc,, LL.D., Member of Naval Consulting Board. 

"Physical Aspects” by Brigadier General George O. 
Squier, Ph,D., Chief of Signal Corps, U, S. Army, (In¬ 
troduced by Dr. Keen.) 

"Mechanical Aspects,” by William Frederick Durand. 
Ph.D., Chairman of National .Advisory Committee for 
x'Veronautics, (Introduced by Dr. Walcott.) 

"Aerology in Aid of Aeronautics," by W. R, Blair, Ph.D., 
assistant, U. S. Weather Bureau, 

Discussion: 

" Mathematical Aspects," by Edwin Bidwell Wilson, Ph.D., 
Professor of Mathematics, Massachusetts Institute of 
Technology, (Introduced by Dr. E, W. Brown.) 

"Engineering Aspects,” by Jerome C. Hunsakcr, Eng.D., 
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Assistant Naval Constmctorp U- S. Navy. {Introduced 
hy Dr. Bautr*) 

Stated May ip/J. 

William W- Keen> M.D.* LILD.^ Presidentp m the Chair. 
Messrs. Walton Brooks McEtaniel and Harold Pender, newly 
elected members, subscribed the Laws and were admUted into the 
Sodct>. 

Letters accepting membership were received from 
WilUain Frederick Durand, Ph;D.> Stanford University, Cat- 
Pierre Samuel duPonl, Wilmington * DeL 
Carl H- Eigctimann, Ph*D*r Bloomingtont Ind. 

Charles Holmes Hetty, Ph.D., New York. 

Herbert E. Ives, Ph.D., PhiUdclphLa. 

Walton Brooks McDaniek A.B,. PhJXt Philadelphia. 
Winthrop J. V. Osterhout, Ph.D., Cambridge, Mass. 

Harold Pender, Ph.D., Philadelphia, 

Frederick Hanley Scares, B,S., Pasadena, CaL 
George Owen Squier, Ph.D., Washington. D.C. 

Charles P. Steiumetz, Ph.D., Schenectady, N. Y. 

Oscar S* Straus, A.M., Litt.D., LUD., New York City, 

Alonzo Engelbert Taylor, M.D.( Philadelphia. 

Archibald Byron lilacallnm, M.B., Ph.D,, D.Sc-, LL.D,, F.R.S.p 

Toronto, 

The decease was announced of Caspar Rene Gregorys Ph*D., 
D.D., LLhD,, at Leipzig, on April 9^ 19 ^ 7 ^ 

Obituary' notices of members deceased were read as follows: 

Sir WllHani Ramsay, K.CB., Sc,D,* LL,D., by Prof. Theodore 
William Richards. 

Cleveland Abbe, Ph,D., LL,D;, by ProL Qiarles F. Marvin. 
The following paper was read: 

** The Study gf fnheritance in Fisum/^ by Orland E. White* of 
Brooklyn (communicated by Prof, E. M. Ea&t.) 

Pending nomination for membership No. 1051 was read and. in 
aecordance with a resolution unanimously adopted at the Executive 
Sc^ion held on April 14 last^ the Society' proceeded to an election 
The tellers reported that the Right Hon, Arthur James Balfour, 
LL.D,, D.C.L,, was elected to membership hy unanimous vote. 
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Staled Meeting, October tgi^, 

William W» Keen, M.D., LL.D,, President, in the Oiair. 

Letters accepting membership were read from Sir E)avid Pratn, 
Rt. Hon, Artbur James Balfour and Mr, Waldemar Lindgren 

The dexrease was announced of 

James Mason Crafts, B.S., LL.D,, on June ao, 1917, art. 7S. 

William Bullock Gark, Ph.D., LLD., at North Haven, Maine, 
on July 37, I9t7, jet. 57. 

Marion D. Learned, Ph.D., LittD., at Phibdelphia on August 
I, 1917, set. 6o. 

Patterson DuBois, Esq., at Philadelphia on August 8, 1917, 
set. 6g. 

Adolf voa Baeycr, Ph.D,, M.D,, on August —, 1917, set, & 2 , 

The foUo^ving papers were read: 

“ Principles of the Treatment of Wounds," by Dr, Alexis Carrel, 
Member of the Rockefeller fnsdtntc and Chief Surgeon of 
Temporary Hospital No, 21, Compiegne, France, 

"The Mathematical Study of the Gcatrization of Wounds," 
by Capt, Lecomte du Nouy, of Temporary Hospital No, ii; 
Comptegne, France, 

"Eighteen New Spedes of Fishes from Northwestern South 
America " and 

"Description of Sixteen New Spedes of Pygidiidse,” by Carl 
H. Eigenmann, Professor of Zoology, fndtana University, 

Stated Meetifig, November 1917. 

William W. Keen, M,D,, LL,D., President, in the Qiair, 

The decease was announced of Amos P, Brown, B,S,, PliJJ., one 
of the Secretaries of the Sode^, at Atlantic City, N, on October 
9- *917. St- 53- 

The following papers were read; 

“ Two Years in the Arctic with the Crocker Land Expedition," 
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by Edmund O. Hovey* Curator u{ Geological Department, 
American Museum of Natural History, Kt\y York, 

“The Interrelations of the Fossil Fuels. The Jurassic md 
Triassic Coals/^ by J, J. Stcvcnsoii, Ph.D., LL.D., Professor 
Emeritus of Geology, New York University, 

Stated Meeting^ December y, sgiy, 

WiLUAM W. Keen, M.D,, LL,D., President, in the Chair, 

The decease was announced of Franklin Paine Mall, SeJD., 
M.D., LL.D., at Baltimore, on November 17,^ t9i7t SS- 

The following papers were read: 

" The Ardueologicai Significance of an iVneient Dune/' by Dr- 
Charles C Abbott, M.D. 

American Sanitation in the Philippmcs and its Influence on 
the Orient/^ by Victor George Hciser. M.D,, Sc.D,. which 
was discussed by Doctor Harshberger and Mr. S. HudsDn 
Chapman. 

Mr, S+ Hudson Chapman, introduced by the President, made 
some remarks on Sanitation m Ancient Times as Recorded 
on Coins issued by the City of SeUnus in Sicily, from B.C 
466 to 406,*’ 

A communication entitled “Liisitanian Boat Tackle was pre¬ 
sented for the Magellanic Premium> and referred ia the Officers and 
Council for report. 

The anmial address of the president was read by Dr, Keen, 

The Minutes of the Meeting of the Officers and Council were 
submitted. 

Dr, Hays, in connection therewith, made the following statement! 

He regretted to be obliged to report to the Society that its Minutes 
for the year 17S0 are found to be imperfecL Oose examination 
tends to the conviction that the record which has been embodied in 
the Minute Book is a copy, made at some later date, of such loose 
records as were then available and is w'ritten in a different hand 
from that of the Minutes of 1779 and of 1781, Moreover* the rec¬ 
ord of the meeting of the stst of July* 1780* begins ** Al a meeting 
of the Society the srst of July, 1830," wbich slip of the pen leads 
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one to the belief lhat these must have been trajiscrjbed In 

or after 1830, for this error could scarcely have been made in 1780. 

Ow'ing to the lack of any record of certain mcetlngfs which^ under 
the Laws, should have beeji held, and particularly in the absence 
of any record of the election of members ivho were believed to 
have been elected m that year, Dr. Hays requested Miss Kirkpatrickp 
the Assistant to the Secretaries, to make a search through the files 
of that period of the Pennsyhama ParJ&f#, The Pennsylvania Jour¬ 
nal and The Fciinsyha7iia Ca^elie for any notices which they might 
contain of the Society's uicctings of that year, so as to supply* a$ 
far as possible* the deficiencies in the Minutes. This she dtd with 
the follow^mg interesting results. 

In the issue of the Packet for September 16, 1779* there appears 
an advertisement of a meeting of the Society* as follows: 

** The American Philosophical Societj' are to meet at the College 
to-morroiv evening at Seven o'clock agreeable to their Law's."' 

In the issue of December 2, 1779, appears the following adver¬ 
tisement of a mEetiug to be held on December 3: 

" The Members of the American Philosophical Society, are to 
meet at Six o*clock tchmorrovv evening agreeable to their rules; and 
are requested to be punctual in therr attendance.*^ 

Further* an advertisement in the Jounml and 

iVeekly Advertiser of February 9, 1780, gives notice that 

"the Assembly has granted the Members permission to bring in a 
Bill tc/ incorporate the Society; a draught has been prepared by a 
Committee appointed for that purpose, and the Society stands ad¬ 
journed until this evening when it is expected there will be a general 
attendance of members^, at the University, to consider the same,*^ 

The Minutes contain no record of these meetings. It is, of ’ 
course* possible, although improtiable* that no quorum was present 
and that there were no Minutes to he recorded* but it seems desirable 
at least to preserve the record that these meetings of September 17 
and December 3* 1779* and February' 9* 1780. were duly called* and 
possibly the proceedings at them may be discovered later. 

The ^linutesof 1779appear to have beencarefuUy kept, although 
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written by another hand atwj all at the same time, which leads to the 
belief that they, too, were copied at a later date from contempora¬ 
neous data an[| incorporated into the Minute Book, 

Miss Kirkpatrick also found in the issue of The Packet for 
Thursday, January 2o, the following advertisement; 

. American Philpwphlcal Society are desired to meet at 

the University next Friday evening, when it is intended to ballot for 
such ^rsons as have been proposed to be admitted as new members 
into the Society, agreeable ter their Laws." 


And in the issue of Januaty 27 appears the foUowing record of 
this meeting: 


Philadelphia, January 27th, 

At a meieting of the American Philosophic^] Societyp the 21st 
Gentlemen were chosm Members, viz, 

Hi$ ExceUency' Gi^rge ^Vashington, Esq; General and Com¬ 
mander m Chief of the Annies of the United States of North 
America, 

His Excellency the ChevaUer de La Luzerne, Minister Pleni¬ 
potentiary of France. 

"Monsieur MarboiSp Secretary c^f the Embassy of France, 

Excellent Thomas Jefferson, Esq; Governor of the State 
of Virgima. 


Hts Elxcelleocy John Jay,. Esq; Minister of the United States 
at the Court of Madrid. 

Excellency Henry Laurens, Esq; late President of Con¬ 
gress, 


u honorable Joltn Adams^ Esq; late Member of Congress. 
The Honorable Wiiliain Camitchael^ Esq; Secretary of the 
Embassy to the Court of Madrid. 

'* Major General Arthur St. Clair. 

* General Anthony Wayne. 

"CoL William Gra>'son, of the Board of War. 

CoL Hamilton, and Col. John Laurens^ Aids du Camp to His 
Excellenc)^ General Washington, 

„ Steuben, Inspector General the Americaii Army, 

^Ma;or Vallancey, Second Engineer of Ireland, and Secretory 
to the Society of Antiquarians in Dublin. 

* Timothy Matbck, Esq; Secretary of the Supreme Executive 

of the State of Pennsylvaiiia. 

"Tlie Rev. John C. Knntze (Kutize], Recior of the German 
Lutheran Congregation, Philadelphia. 
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“The Rev. James Madisorip President of William and Mary 
Collie, Virginia, 

William Churchill HoustoUp Esq; Professor of Mathematics 
of Nassau Ccrllege^ and Delegate in Congress for the State of New 
Jersey* 

Dn W^illiam BtowOt of Virginia* 

”Moii 5. fjohn] Toumoa [Tcmatit] Engineer of the Southern 
Army. And 

Robert Erskine^ Esq ; Geographer of the United States.'* 

This is a particularly important historical disco^^ery inasmuch 
as the Society's Minutes show no record of that mcetbig, or of any 
meeting in that year prior to February 25, and the announcement, 
unquestionably, hears the internal evidence of having been furnished 
to The Packet by some one in authority. 

Moreover, in its printed “ List of Members " of the Society' from 
Its foundation, eleven members are entered as having been “elected 
behveen April 6, 1779, and Januarj^ 19^ 1781?^^ which covers the 
period during which, apparently, the original records of the meet¬ 
ings have been lost, but in this record in the Packet we find that 
twenty-tivo members were elected on January^ 21, 1780^ of whom 
nine are not on the Roll, and four who vvere cither previously or 
subsequently dected arc erroneously ascribed to that yean viz., 

Hon. John Jay (w^ho appears to have been again elected to the 
Society on January^ 19, 1787)^ 

His Excellency Hemy' Laurens (who had been previously elected 
on April rj, 1772). 

The Hon* John Adams fwho was again elected on Janimiy rS, 
^ 793 * when Vice President of the United States). 

Cob Alexander Hamilton (who was again elected on January 
21, 1791, when SeeretaTy ot the Treasury)^ 

And the following nine, none of whom appear in the Society's 
^*List^'; 

Hon. Wmbm Carmichael, 

Major Cfcncral Arthur St. Clair. 

Cob William Grayson. 

Col. Jolui Laurens. 

Baron de Steuben* 

Major Valkncey. 
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William Qiwrchill I-Joiiston. 

Dr, Williain Broivn, of Virginia. 

Robert Erskine, Esq, 

In view of the undoubted accuracy of the Packct^s list of those 
elected on January- 21 , 1780^ the question naturaliy arises whether 
the names of those elected who do not now appear on the record 
should nor be added to it. 

The election a second time of some of the members can readily 
be accounted for by the on^^sttimtic way in which the records 
were kept at that date. And to have the exact date upon which 
were dected all the members m this part of 1780 for which the 
Minutes are defective certainly is an important addition to our 
records. 

The Packet s list does not^ hoivcverp explain the appearance in 
the Society s Ijst 01 the Members dected iu 1779 ^tnd 1780 of the 
names of Colonel Charles Pettit and M, Sue, Professor Royal of 
Anatomy. M. Jean Baptiste Sue*^s omission is accounted for by tlic 
fact that he was not elected until January 21, 1785, as is shown by the 
Minutes of that date. In examining the Minutes for the election 
of Col. Pettit^ it was found that those of the meeting of January 

1785^ show two very curious errors. There is loosely placed 
between the leaves of the Minutes of that meeting a sheet of four 
pages signed ** Extract from the AIinutes4 Samuel Maguw* one of 
the Secretaries," and endorsed in his handwrritiug *^New Members 
of the Philosophical ScKriety, dected JanuaTy 21, 17S5 the 
hvcjity-second name in that list is that of Charles Pettit, Esq., of 
Philadelphia. This name, in the transcriptioii into the engrossed 
Minutes, has been accidentally omitted, and this accounts fot the 
doubt in our record as to the date on which Mr. Pettit w^as elected. 
As regards the fact of his election there can be no doubt, as he 
actually subscribed the Laws about that period. 

Secondly^ m the list of iw^enty-eight members then elected, the 
tenth i$ Dr+ William Criffiths, of Philadelphia**’^ under this entry 
is written in pencil " this name probably ought to he Dr^ Samuel 
Powel GrifFiihs^ [signed] F.B.," w^hich initials are presumably tho^e 
of Dr. Franklin Eache, who was Secretary of the Society from 18^5 
to 1843, when he was elected to the Vice^PrCftidency. This pcficU 
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note is almost certainly correet becatise m the manuscript list of 
members^ made in 179a, Dr. Samuel Powel GriBitts is entered as 
having been elected on January 22, 1785. Then^ too, the treasurer's 
books for 17S6 show an entr^' on January iSr “By Dr. Samuel 
Griffiths his deposit and subscription £1/* and Samuel Powel Griffitts 
signed the Laws about that time—all of which seems to definitely 
determine that it was Dr. Samuel Powel Griflitls who was intended 
to be elected in January, 1785, And who actually became a member 
in consequence thereof, lloreoverp no such person as Dr. Williain 
Griffiths is nowknowm to have existed at that time, nor does his name 
appear upon the rolls of the Socieiy' at Anytime; nor does Dr* Sam¬ 
uel Powel Griffitts appear by the official Minutes to have been elected 
on any other dale. 

I may also incidentally call your attention to the fact that the 
transcribed Minutes incorrectly give the date of the meeting as 
January 22^ whereas the loose insei heretofore referred to gives it 
as January 21, which was Friday evening, the regular meeting night 
of the Society* 

Ill accordance with the rccommendatiCin of the Officers and 
Council the Society ordered 

1. That in order to make a more complete record of the Proceed¬ 
ings of the Society the Secretaries be instructed to interleave in the 
Minutes aU notices of talL for meetings which have appeared in the 
newspapers issued during the time in which the Society's Minutes 
do not appear to have been original records, with the name and date 
of the newspapers m which said notices have appeared 

2. That the Minutes of the meeting of Jamiaty 21, 1780, be ac¬ 
cepted as a correct minute of that date and be interleaved in the 
Minutes as the record of tliat meeting, with the reference to the 
Pettnsykranh Pa^^ket of January' 27. lySo, as authority for the 
same. 

3. Tliat the roll of members be corrected in accordance with the 
data thus oblained. 

4. That the loose sheet signed Samuel Mogaw one of the Sec¬ 
retaries be interleaved in the Minute book under its proper date 
and that Diaries Pettit's name he inserted in the roU of members as 
having been elected on January' 21, 1785^ 
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